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Several single-domain prokaryotic and eukaryotic cyclophilins have been identified as also being unspecific
nucleases with a role in DNA degradation during the lytic processes that accompany bacterial cell death and
eukaryotic apoptosis. Evidence is provided here that the supposed nuclease activity of human and bacterial
recombinant cyclophilins is due to contamination of the proteins by the host Escherichia coli endonuclease and
is not an intrinsic property of these proteins.

Some reports on human recombinant CypA, CypB, and
CypC cyclophilins (6), murine CypB cyclophilin (8), Legionella
pneumophila LpCyp18 cyclophilin (12), and Streptomyces anti-
bioticus-SanCyp18 cyclophilin (9) describe associated Ca2�/
Mg2� nuclease-dependent activity. For the aforementioned
eukaryotic cyclophilins, the accompanying nuclease activity has
been proposed as playing a central role in apoptosis. This is the
case with NUC-18, a nuclease reported to be identical to rat
CypA cyclophilin, involved in glucocorticoid-stimulated apo-
ptosis of thymocytes (7) and murine CypB cyclophilin-associ-
ated nuclease, involved in TCR-stimulated apoptosis of thy-
mocytes (8). For S. antibioticus SanCyp18 cyclophilin, nuclease
activity has been related to chromosomal DNA degradation
during the lysis of substrate (vegetative) mycelium (2), which
precedes the emergence of the aerial (reproductive) myce-
lium (9). Amino acid sequence analysis of the S. antibioticus
SanCyp18 protein identified it as a typical cyclophilin that is
clearly homologous to cyclophilins from gram-negative bac-
teria (A. Manteca, T. Kamphausen, J. Fanghanel, G. Fischer,
and J. Sanchez, submitted for publication). The biochemical
characteristics of SanCyp18 recombinant cyclophilin (binding
and inhibition by cyclosporine A and structure of the loop re-
gion of the protein) were analogous to those of gram-negative
bacteria cyclophilins, from which it may have been passed to
Streptomyces species (Manteca et al., submitted).

To analyze the hypothetical associated nuclease activity,
SanCyp18 cyclophilin was expressed in Escherichia coli JM109
(DE3) [endA1 recA1 gyrA96 thi hsdR17 (rK

� mK
�) relA1 supE44

�� �(lac-proAB) (F� traD36 proAB lacIqZ�M15) �DE3], a strain
lacking periplasmic endonuclease I (14). The nuclease activity
of recombinant SanCyp18 was further detected by activity in
gel assays, as described formerly (9). The nucleases were sep-
arated in a 12% gel containing 10 �g of denatured calf thymus
DNA (Sigma)/ml by sodium dodecyl sulfate (SDS) (USB-
US75819; Amersham Biosciences)-polyacrylamide gel elec-
trophoresis (PAGE) (9). After electrophoresis, the proteins
were renatured by repeatedly washing the gel with renatur-
ation buffer (25 mM Tris-HCl [pH 8.8], 1 mM EDTA, 7 mM
�-mercaptoethanol) during 2 h at 4°C. Nuclease activity was

visualized by incubating the gels for 1 h at 37°C in 20 mM
Tris-HCl (pH 8.0)–7 mM 2-mercaptoethanol–10 mM MgCl2–5
mM CaCl2–10% dimethyl sulfoxide buffer, as reported else-
where (9), followed by staining with ethidium bromide and anal-
ysis under UV light. Micrococcal nuclease and bovine pancreatic
DNase I were included as positive controls. As can be seen in Fig.
1, the recombinant protein overexpressed in E. coli JM109(DE3)
lacks nuclease activity.

The results obtained with S. antibioticus SanCyp18 cyclophi-
lin prompted us to extend the analysis to human CypA and L.
pneumophila LpCyp18 cyclophilins, which were also reported
to be nucleases by SDS-PAGE activity analysis (see above).
We used several E. coli strains as hosts to test the putative
nuclease activity for recombinant human CypA (7) and recom-
binant LpCyp18 (12) cyclophilin. E. coli NM522 and M15
strains were used in the studies mentioned above to express
human CypA and LpCyp18, respectively (7, 12). Both of them
possess the aforementioned periplasmic endonuclease I, which
was absent from the E. coli JM109 strain used to express
SanCyp18. This nuclease is detected as a clear band in activity
gel assays with E. coli M15 cell extracts (Fig. 1, center panel,
lane C). We expressed human CypA and LpCyp18 cyclophilins
genes in E. coli M15 (pREP4) (endA�) and E. coli JM105
(pREP4) (endA mutant) (14) by the use of pTTE1 expression
vector (12) for the LpCyp18 gene and pTTE2 expression vec-
tor (Thomas Tradler, Max-Planck Forschungsstelle “Enzy-
mologie der Proteinfaltung,” Halle/Saale, Germany) for the
human CypA gene to investigate the hypothetical associated
nuclease activity. The plasmids were introduced in the afore-
mentioned strains to overexpress these proteins, following the
protocols described for the QIAGEN system employed. An
activity gel assay and SDS-PAGE analysis of the proteins were
carried out with the crude E. coli extracts. Although the levels
of overexpression were similar in both E. coli strains (Fig. 1),
nuclease activity was only observed in the wild-type M15
(endA�) strain. Moreover, the M15 strain extract without any
expression vector showed the same nuclease activity level as
the M15 strain extracts with the expressed cyclophilins. Finally,
the sizes of nuclease and human cyclophilin are different (Fig.
1, center panel, lane H). A previous report showed that, at
least for the L. pneumophila LpCyp18 cyclophilin, the hypo-
thetical associated nuclease activity was not linked with its
native structure (12). These results are coherent with our find-
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ing that the nuclease activity is caused by a different protein.
The overall data show that, at least for the recombinant cyclo-
philins, the E. coli endonuclease is responsible for the activity
seen on the gels; therefore, this cannot be attributed to an
intrinsic property of cyclophilins. On the other hand, as CsA is
a competitive tight-binding inhibitor, it does not inhibit cyclo-
philin-associated nuclease activity (6). Cyclophilin residues in-
volved in PPIase activity and in CsA binding have been well
characterized (3, 5, 10, 11). Both the PPIase domain and the
CsA binding sites span the complete length of the amino acid
sequence and build a cleft in the core of the three-dimensional
structure. As the PPIase active site is efficiently blocked by
CsA, an additional nuclease domain would be required to
harbor nuclease activity. The small size of most characterized
cyclophilins makes such an additional domain very unlikely.

E. coli endonuclease I is a very active periplasmic enzyme
whose function is unknown (1, 13). The protein has a putative
signal peptide for a cleavage site that would give rise to a
mature protein of about 24 kDa (4), consistent with the mo-
lecular mass observed in the gel (Fig. 1, center panel, lane C).

The 18-kDa Streptomyces nuclease (9) and NUC18 (7) enzymes
both exhibit low substrate specificity and high enzymatic activ-
ity that can be visualized using SDS-PAGE activity gel assays,
even at very low amounts that are not detectable on silver-
stained SDS-PAGE (A. Manteca and J. Sanchez, unpublished
data). Minor contamination of cyclophilins with these or other
nucleases can lead to erroneously associating these activities
with the cyclophilin proteins, as occurred in the case of
SanCyp18 and LpCyp18 human recombinant cyclophilins.
Other native cyclophilins described as nucleases, such as
NUC18 (7), murine Cyp B (8), and SanCyp18 (9), might also
conceivably be contaminated by host activities. The presence of
nuclease-contaminated cyclophilin samples could equally explain
some published results on the inhibition of cyclophilin-associated
nuclease activity by cyclophilin antibodies (8). In summary, it can
be concluded that SanCyp18 and human and Legionella recom-
binant cyclophilins lack nuclease activity; consequently, other
published data concerning the presence of this activity in native
cyclophilins should be analogously reappraised.
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FIG. 1. Recombinant L. pneumophila LpCyp18, human CypA, and
S. antibioticus SanCyp18 cyclophilins were expressed in different E. coli
host strains (strain M15, endA�; strains JM109 and JM105, endA
mutant). Frozen (�70°C) cells were thawed, resuspended in 15 ml of
buffer (20 mM Tris-HCl [pH 8.8], 1 mM EDTA, 7 mM �-mercapto-
ethanol, 0.5 mM phenylmethylsulfonyl fluoride), and ruptured on ice
in an MSE Soniprep 150 ultrasonic disintegrator for 4 cycles of 10 s.
After centrifugation at 10,000 rpm in an Eppendorf 5415 R microcen-
trifuge for 30 min at 4°C, the supernatant was used to analyze protein
and nuclease activity. Upper panels, Coomassie-stained proteins (50
�g per lane) analyzed by SDS-PAGE; lower panels, activity gel analysis
of the corresponding samples. The strains of E. coli used are indicated
at the top of the panels. Lanes M, molecular mass markers (in kilo-
daltons) (upper panel) and activity gel markers (DNase I, 31 kDa;
micrococcal nuclease, 16.7 kDa) (lower panel); lanes C, control E. coli
extract without expression vector; lanes L, extract with overexpressed
LpCyp18; lanes H, extract with overexpressed human CypA; lane S,
extract with overexpressed SanCyp18. Activity is detected as a black
band within the brighter background. The white bands along the lanes
represent the fragmented chromosomal DNA of E. coli. Arrows show
the positions of the recombinant cyclophilins.
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