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Expression of the creatininase gene from Pseudomonas putida
RS65 in Escherichia coli
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The gene encoding creatininase from Pseudomonas putida RS65 was cloned, sequenced and expressed in Escher-
ichia coli . One plasmid containing a 7.0-kb HindIII insert was selected by its ability to express creatininase activity.
After deletion of the adjacent restriction fragments, a 1.1-kb SphI fragment, which contained the full length of the
creatininase gene, was subcloned into a pUC18 vector and the nucleotide sequence of the creatininase gene was
determined. The gene consists of 771 base pairs and encodes a protein of 257 amino acids. The constitutive creatini-
nase productivity of E. coli DH5a (pCRN741) cultured in broth was about 8.5-fold higher than that of P. putida RS65
cultured in a creatinine-containing medium. The creatininase gene was expressed efficiently in E. coli from its own
promoter. Journal of Industrial Microbiology & Biotechnology (2000) 24, 2–6.
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Introduction

Determination of creatinine and creatine in urine and serum
is of significant value for diagnosis of renal, muscular and
thyroid functions. Creatininase (creatinine amidohydrolase,
EC 3.5.2.10) catalyzes the hydrolysis of creatinine to cre-
atine. Creatininase in combination with creatinase (creatine
amidinohydrolase, EC 3.5. 3.3) and sarcosine oxidase (EC
1.5.3.1) is practically useful for the diagnostic assessment
of serum creatinine concentration [5]. Recently, much
attention has been directed to the production of creatininase
from microorganisms [3,4,6,8,11,13,15,17–19] and the
genes coding for creatininase fromPseudomonas[19] and
Arthrobacter[13] were cloned and sequenced.

To produce creatininase for development of the creatinin-
ase assay, we isolated a creatinine-assimilating bacterium,
P. putidaNTU-8, from soil [8]. A creatininase-producing
mutant RS65 was isolated [9]. In the present study, the
sequencing and expression of the creatininase gene was
determined inE. coli. We found that the constitutive creati-
ninase productivity ofE. coli DH5a (pCRN741) was about
8.5-fold higher than that ofP. putidaRS65. The creatinin-
ase gene was expressed efficiently inE. coli from its
own promoter.

Materials and methods

Bacterial strains and plasmids
The following strains were used:E. coli DH5a [16] andP.
putida RS65 [9]. Plasmids used were pBR322 and pUC18
purchased from Boehringer Mannheim (Mannheim,
Germany) and pMMB67EH [2] obtained from M Bagdas-
arian, Institute of Michigan Biotechnology, Lansing, MI,
USA.
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Chemicals
Restriction endonucleases, T4 DNA ligase, IPTG
(isopropyl-b-d-thiogalactopyranoside) and ATP were pur-
chased from Boehringer Mannheim. Taq DNA polymerase,
polymerase chain reaction (PCR) buffer, and deoxynucleo-
tides were purchased from Perkin-Elmer Cetus (Foster City,
CA, USA). Oligonucleotides were synthesized (Quality
System Inc, Taipei, Taiwan) with an automated cyanoethyl
phosphoramidite chemistry on a Cruachem PS250 from
Cruachem Inc (Dulles, VA, USA). Luria-Bertani (LB)
medium was purchased from Difco (Detroit, MI, USA).
DEAE Sepharose CL-6B and Sepharose CL-6B were pur-
chased from Pharmacia (Uppsala, Sweden). A low molecu-
lar weight electrophoresis calibration kit and a Bio-Rad
protein assay kit were obtained from Pharmacia Biotech
(Milwaukee, WI, USA) and Bio-Rad Laboratories
(Richmond, CA, USA), respectively. All other chemicals
were purchased from Sigma (St Louis, MO, USA).

Making DNA libraries from P. putida RS65
All DNA manipulations were based on the methods of
Sambrooket al [16]. Genomic DNA fromP. putidaRS65
was isolated, and partially digested withHindIII. Fragments
of 2–9 kb were isolated using electrophoresis on a low
melting agarose gel. Several clones ofHindIII-digested
genomic DNA were ligated with HindIII-linearized
pBR322. The ligation mixtures were transformed intoE.
coli DH5a, and recombinants were selected by spreading
them on LB agar plates containing 100mg ml−1 ampicillin
and incubating the mixture at 37°C for 24 h.

Screening of creatininase-positive clones using an
indicator test
A modification of the indicator test [1,7] was used for
detecting creatininase activity.E. coli transformants were
grown for 12 h in 5 ml LB medium containing 100mg ml−1

of ampicillin at 37°C. One-milliliter cultures were with-
drawn, centrifuged, and the pellets were suspended in 1 ml
of 10 mM potassium phosphate buffer (pH 7.5) containing
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Figure 1 The restriction endonuclease mapping and subcloning of the creatininase gene fromP. putidaRS65. The creatininase activity of transformants
was detected by the indicator test. The abbreviations of restriction endonuclease enzymes are: E,EcoRI; H, HindIII; Hn, HindII; P, PvuII; Pt, PstI; S,
SmaI; Sa, SalI; Sh, SphI; X, XhoI.

1% creatinine and 20ml toluene. After 1 h incubation at
37°C, 4ml of 0.04 U ml−1 creatinase, 4ml of 0.25 U ml−1

urease and 100ml of 0.01% phenol red were added to the
mixture. If the transformant possessed the creatininase
activity, the solution developed an easily visible red-pink
color.

Cell-free extracts
E. coli DH5a (pCRN741) was grown aerobically in 2.0 L
of LB medium at 37°C for 17 h. The cells were harvested
by centrifugation, and washed twice with 50 mM Tris
buffer (pH 8.0). Cells were resuspended in 150 ml of
50 mM Tris buffer and disrupted with a soniprep 150 sonic-
ator (MSE Sci Inc, Leicestershire, UK) at 50 W for 5 min
with ice water cooling. Debris was removed by centrifug-
ation at 12000× g for 30 min. The supernatant was used
as a cell-free extract.

Enzyme assay
Creatininase activity was measured as described in Yama-
motoet al [19]. Each 0.5-ml enzyme solution was added to
0.5 ml 50 mM phosphate buffer (pH 7.5) containing 1 mM
creatinine. After incubation at 37°C for 30 min, the residual
creatinine was determined by adding 2.5 ml of 1% picric
acid: 7.5% NaOH= 4 : 1 (v/v). The mixture was diluted
with 10 ml water and absorbance at 520 nm was measured
after 30 min. One unit of creatininase was defined as the
amount of enzyme which decomposes 1mmol of creatinine
under these conditions.

DNA sequencing
The fragment of PseudomonasDNA in plasmid
pCRN741 was amplified by polymerase chain reaction
(PCR) using Gene Amp PCR system 2400 (Perkin Elmer,
Branchburg, NJ, USA). The PCR conditions were as
follows: denaturation, 94°C, 15 s; annealing, 55°C, 15 s;
extension, 72°C, 30 s for 30 cycles and 72°C for 6 min.
PCR amplification of pCRN741 with oligonucleotides
17 mer (GTTTTCCCAGTCACGAC) and 24 mer
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(AGCGGATAACAATTTCACACAGGA) from pUC18
yielded a single 1.1-kb DNA fragment. After purification
of the PCR product by PEG (polyethylene glycol) pre-
cipitation [16], the purified DNA was used as template
and sequenced by fluorescence DyeDeoxy method (ABI
PRISMTM Dye Terminator Cycle Sequencing Core kit,
Applied Biosystems, USA).

Creatininase gene amplified by PCR
The structure gene of creatininase was amplified by
PCR reaction using the following primers: 5′-
CGGGATCCCCGATGAACGATAGCGTTGTAATTGGCG-
3′ [the sequence that overlaps theBamHI site (underlined)
encodes the N-terminal amino acids (MNDSVVIG)] and
5′-CCAAGCTTAACTGAATGCCTCGCGGACAGCGTT-
3′ (the HindIII site is underlined and lies with two bases
of the stop codon; the oligonucleotide is complementary
to the sequence that encodes the C-terminal amino acids
NAVREAFS). The PCR product was purified and digested

Table 1 The expression of creatininase activity byE. coli transformants
in the absence or presence of IPTG

Plasmida Creatininase activityc (U ml−1)

0 mM IPTG 0.1 mM IPTGb

PCRN12 0.002 0.002
PCRN22 0.001 0.001
PCRN74 0.022 0.024
PCRN742 0.228 0.232
pCRN741 0.678 0.678
PMMBCRN 0.057 0.258
pUCCRN 0.033 0.073

aTransformants were grown aerobically in an L-tube loaded with 10 ml
of LB-medium containing 100mg ml−1 ampicillin, and incubated at 37°C,
100 rpm for 12 h. The inoculum size was 1%.
bIPTG (0.1 mM) was added at the beginning of incubation.
cCreatininase activity was measured by the decrease in creatinine concen-
tration by the enzyme reaction at 37°C for 30 min. The optical density
was measured at 520 nm.
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by BamHI and HindIII, and then ligated withBamHI and
HindIII-digested pUC18 vector.

Results

Cloning of the creatininase gene
A genomic library ofP. putidatotal DNA was constructed
in pBR322 using HindIII. Approximately 2000 trans-
formants were obtained on LB-ampicillin plates, and 500
of them were tested using the indicator test for creatininase
production. The plasmids of two positive clones (Figure 1)
were named pCRN12 and pCRN22, they carried a 7.7-kb
and a 7.0-kbHindIII insert, respectively. The 7.0-kbHin-
dIII fragment was selected for further studies and subcloned
into the pUC18 vector. All subclones were analyzed for
creatininase activity using the indicator test. Two positive

Figure 2 Nucleotide sequence and deduced amino acid sequence of the creatininase gene fromP. putidaRS65. The Shine–Dalgarno sequence is boxed.
The deduced amino acid sequence is numbered from the initiation codon (ATG) of the nucleotide sequence of the creatininase gene.★Stop codon (TGA).
The accession number in GenBank is AF164677.

subclones (Figure 1), which carried a 1.1-kbSphI-SphI
insert and a 2.1-kbHindIII-SmaI insert were selected and
named pCRN741 and pCRN742, respectively. The
expression of creatininase activity of pCRN741 was
superior to those of pCRN12, pCRN22, and pCRN742 in
either the absence or presence of IPTG induction (Table 1).
The results revealed that the structure gene of creatininase
was localized in a 1.1-kbSphI-SphI insert of pCRN741
(Figure 1).

The 1.1-kb SphI-SphI fragment was isolated from
pCRN741 and ligated with aSphI-SphI-cut pMMB67EH
vector which contained thePtac promoter leading to plas-
mid pMMBCRN. The expression of creatininase activity of
pMMBCRN was only about one-twelfth that of pCRN741
(Table 1), however, the creatininase activity of pMMBCRN
increased about 4.5-fold by IPTG induction.
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Analysis of the creatininase gene
The DNA sequence (Accession No: AF164677) of the crea-
tininase-coding region in a 1.1-kbSphI-SphI insert of
pCRN741 (Figure 2) revealed an open reading frame of
771 bp with a preceding consensus ribosomal binding site,
GACAGA, eight bases upstream of the ATG initiation
codon. The similarity of the creatininase gene ofP. putida
RS65 was 72.8% to that of recombinant DNA forP. putida
PS-7 [19] and 43.2% to that ofArthrobacter sp TE1826
[13].

Expression of the structure gene of creatininase
The open reading frame of the creatininase gene in a 1.1-
kb insert of pCRN741 was amplified by PCR. The ligation
mixture was transformed intoE. coli DH5a. One clone was
selected (Table 1) and named pUCCRN.E. coli DH5a
(pUCCRN) could constitutively express the creatininase
activity when cultured in LB medium, probably because of
the basal level expression oflac promoter in pUCCRN. On
the other hand, the expression of creatininase activity of
pUCCRN increased about 2.2-fold after IPTG induction
(Table 1).

Purification of creatininase
The creatininase fromE. coli DH5a (pCRN741) was pur-
ified from the cell-free extract obtained through successive
purification steps involving ammonium sulfate fraction-
ation, DEAE Sepharose CL-6B and Sepharose CL-6B col-
umn chromatographies. The purified enzyme obtained exhi-
bited 50% total activity and a 2.5-fold increase in specific
activity when compared with the cell-free extract. The mol-
ecular weight of purified enzyme estimated by SDS-poly-
acrylamide gel electrophoresis was 28000 (Figure 3). The
optimal pH and temperature of the purified enzyme for cre-
atininase activity were 7.0–8.0 and 45°C, respectively. At
75°C for 30 min, about 40% of the original activity still
remained (data not shown).

Discussion

Much attention has been directed to the production of creat-
ininase from microorganisms. However, only the enzymatic

Figure 3 SDS-PAGE of protein containing creatininase activity fromE.
coli DH5a (pCRN741). Lanes 1 and 6: molecular weight standard pro-
teins-phosphorylaseb (94 kDa), albumin (67 kDa), ovalbumin (43 kDa),
carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20.1 kDa),a-lac-
talbumin (14.4 kDa). Lane 2: crude extract. Lane 3: creatininase from
ammonium sulfate fractionation. Lane 4: creatininase from DEAE-
Sepharose CL-6B column chromatography. Lane 5: creatininase from
Sepharose CL-6B column chromatography. Acrylamide concentration:
15%. Electrophoresis conditions: 150 V, 1 h.
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properties of creatininase fromPseudomonas[10,15] and
Alcaligenes[3] have been reported. Creatininase fromP.
putida var naraensisC-83 [15] is composed of a homo-
octamer with a molecular weight of 175 000. On the con-
trary, creatininase fromAlcaligenessp [3] was a dimer with
a molecular weight of 160000. The molecular weight of
the purified enzyme fromP. putida RS65 determined by
Sepharose CL-6B gel filtration was 224000. The molecular
weight of a subunit estimated by SDS-polyacrylamide gel
electrophoresis was 28 000. Thus, the creatininase fromP.
putida RS65 might be an octamer.

The creatininase activity of pCRN741, which carried a
1.1-kb insert fromP. putidaRS65 was superior to that of
pUCCRN, which carried a 0.77-kb insert from the structure
gene ofPseudomonascreatininase in the absence of IPTG
induction. However, the creatininase activity of pUCCRN
increased about 2.2-fold after IPTG induction. This result
suggested that the 0.77-kb insert of the structure gene of
Pseudomonascreatininase in pUCCRN was regulated by
the lac promoter of pUC18. On the other hand, the creatini-
nase activity of pCRN741 was not enhanced by IPTG
induction. This implied that the promoter region of the crea-
tininase gene fromP. putidaRS65 might be contained in
the 1.1-kb insert of pCRN741. Its hyperconstitutive creatin-
inase productivity also suggested that the pCRN741
expressed the creatininase gene efficiently inE. coli from
its own promoter instead of thelac promoter of pUC18
[14].

The optimal pH and temperature of purified enzyme from
E. coli DH5a (pCRN741) were similar to those of creatini-
nase fromP. putidaRS65 [10],P. putidavar naraensisC-
83 [15], andAlcaligenessp [3]. The thermal stability of the
purified enzyme was the same as that of creatininase from
P. putida var naraensisC-83 when both enzymes were
treated at 75°C for 30 min.

The creatininase gene with a calculated molecular weight
of 27 927 agreed well with the molecular weights of the
purified creatininase fromP. putidaRS65 andE. coli DH5a
(pCRN741). Furthermore, the cloned gene possessing creat-
ininase activity was also confirmed by Southern blotting
analysis to have a homologous sequence with theHindIII-
digested genomic DNA fromP. putida RS65 (data not
shown). The deduced amino acids from the creatininase
gene ofP. putidaRS65 were 64.4% identical to those of
Pseudomonassp PS-7 [19] and only 31.0% homologous to
those ofArthrobactersp TE1826 [13].

To achieve economic viability by genetic engineering,
increasing production yield is the single most important
factor in the production of biotherapeutic drugs and diag-
nostic kits. Many efforts have been made to construct an
efficient vector which can hyperexpress a foreign insert
DNA in specific host cell, such asE. coli. From this work,
the DNA sequence of the promoter region fromP. putida
RS65 might be a good reference for new expression vector
construction harbored inE. coli.
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