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Abstract

We describe the use of a plant cysteine proteinase isolated from laéexwords

of Carica candamarcensis as a protective agent during isolation of Cysteine proteinase
bacterial DNA following growth in culture of these cells. Between 100Proteinase K

to 720 units of proteinase (1 pg = 6 units) afforded good DNAC: candamarcensis
protection when incubated with various kinds of microorganismsPNA extraction

similar in size to DNA preparations obtained by treatment with
proteinase K. The viability of the resulting material was checked by
PCR amplification using species-specific primers. After standing at
room temperature (26) for 35 days, the enzyme lost 10% of its initial
activity. The enzyme stability and good yield of DNA suggest the use
of this proteinase as an alternative to proteinase K.

Many procedures have been developethatography on Sephadex G-10, CM-
to facilitate the isolation of genetic material,Sephadex, and MonoS Sepharose (7). The
by inactivating endogenous nucleases (1-3jsolated enzyme, named E6870, was charac-
These protocols must be gentle enough tierized as a single chain protein with an
permit later use of the DNA in techniquesestimated Mr of 22-24 kDa, and behaves like
such as molecular cloning, enzyme digestioa classic cysteine proteinase (Salas CE, Garcia
or PCR. One of the most ubiquitous proce© and Mouhm V, unpublished data). The
dures involves the use of proteinase K (4), active fractions obtained from the last purifi-
Ca&*-dependent enzyme froffritirachium  cation step display proteolytic activity in the
album that remains substantially active fol-pH range 5.5 to 8.3. They were concentrated
lowing incubation at temperatures higher thaby ultrafiltration through a PM 10 membrane
50°C in buffer systems containing SDS (5,6)and stored in 0.1 M sodium acetate, pH 5.0,
In a search for alternative sources of proat # or -2C0C in the presence of 25% glycer-
teolytic enzymes, we isolated a plant cysel. The activity of this concentrated stock
teine proteinase froMarica candamarcen-  remained unchanged for one year<t.4
sis. The enzyme has been purified by chro- The amidolytic activity was assayed us-
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Figure 1 - Isolation of DNA from
Lepstospira and Mycobacterium
with E6870.

A, Leptospira tarasovi (108 cells)
was sedimented at 14,000 g for
20 min. The sedimented cells
were resuspended in 50 mM
Tris, pH 8.0, 50 mM EDTA, 100
mM NaCl, 1% SDS and 120 U of
proteinase K or 100-400 U of
E6870 and the mixture was in-
cubated at 50°C for 2 h. The so-
lution was then centrifuged at
10,000 g for 10 min and the su-
pernatant deproteinized by phe-
nol extraction (phenol:chloro-
form:isoamylalcohol = 25:24:1).
Before precipitation, 1 pg tRNA
was added as carrier. After etha-
nol precipitation and washing
with 70% ethanol the dried pel-
let was dissolved in 20 pl TE
(Tris-EDTA) and 10 pl of this so-
lution was electrophoresed on a
1.5% agarose gel along with mo-
lecular weight markers. Lanes:
1, A-Hindlll; 2, 120 U proteinase
K; 3, 100 U; 4, 200 U; 5, 300 U
and 6, 400 U of E6870.

B, Mycobacterium bovis previ-
ously inoculated into milk was
isolated as follows: a milk
sample (1 ml) containing 108
CFU/mI of M. bovis was incu-
bated overnight with 720 U pro-
teinase K (Boehringer, Mann-
heim, Germany), 360 U (lane 3),
or 720 U (lane 4) of E6870 at
56°C in buffer 10 mM Tris, 5
mM EDTA, pH 8.0, 1.5% SDS.
The suspension was acidified
with 200 pl 10% acetic acid and
proteins were removed with 1
ml of a mixture containing phe-
nol (3x) as shown in Figure 1A.
The remaining procedure was as
described in TA. An aliquot (20%
of total volume) was electropho-
resed on agarose gel (1.5%) fol-
lowed by ethidium bromide
staining. Lanes: 1, A-Hindlll; 2,
720 U proteinase K; 3, 360 U; 4,
720 U E6870; 5, no proteinase
added.
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ing benzoyl-arginyl-p-nitroanilide (BAPNA)

as substrate (7) and the proteolytic activity
using casein as substrate (8). E6870 showed
no signs of DNAase or RNAase activity, as
indicated by incubation of 106 U of E6870
with ADNA (0.5 pg) orE. coli tRNA (5 pg)

at 37C for 24 h, followed by agarose elec-
trophoresis (data not shown).

In this study, we evaluated the perfor-
mance of E6870 in protocols used to extract
DNA from Leptospira and Mycobacterium
bovis. The protective effect of E6870 in
DNA extracting protocols was compared with
that of proteinase K. We used the caseinolytic
assay to standardize the amounts of both
enzymes used (8). Figure 1A,B shows the
data obtained after extraction Biprospira
andMycobacterium bovis DNA with E6870
or proteinase K. The data show that both
E6870 and proteinase K reledagtospira
DNA of similar size and amounts (compare
intensity of bands in lane 2 and 3 in Figure
1A). Also, the amounts of DNA recovered
with E6870 were similar in experiments car-
ried out to isolate mycobacterial DNA (Fig-
ure 1B). The effects of E6870 and proteinase
K were also similar.

However, since we were uncertain about
whether the use of E6870 could have an
adverse effect, we further checked the in-
tactness of DNA resulting from this extrac-
tion by applying the PCR technique. Primers
were chosen to amplify specific targets of
DNA from the generd.eptospira (9) and
Mycobacterium (10).

These experiments are summarized in
Figure 2A,B. The amplification profiles of
different serovars frondeprospira showed
an 849-bp band present in each serovar at 2
mM Mg?*, although the band intensity var-
ied from isolate to isolate (Figure 2A, lanes
3-8). In addition, a 370-bp band was evident
in serovard.. bratislava, L. hardjo, L. norma
and L. hardjobovis. The different intensity
observed in the 849-bp band from various
serovars can be explained by differences in
Mg?* requirement during PCR for each
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Figure 2 - PCR amplification of
DNA from Leptospiraand Myco-
bacterium.

serovar. This can be corrected by adjustingy ' 2 3 4 5 6 7 8
the M¢* concentration in the PCR of each
serovar to its optimal value (data not shown)§l B
In a second group of experiments, w&
applied the PCR technique to identify.
bovis in milk samples from animals sus-
pected of being infected. The screening re-
vealed that PCR obtained from milk samples
from two animals (see Figure 2B, lanes 3 and
7) were positive (383 bp), while those from
the remaining animals were negative. The
negative results in Figure 2B are not caused
by a selective loss of bacterial DNA during
DNA extraction since each sample wa 1 9 3 4 5 6 7
shown to contain similar amounts of total - T

A, DNA (10 ng) from Leptospira
was subjected to 30 amplifica-
tion cycles consisting of dena-
turation at 94°C for 90 s, anneal-
ing at 58°C for 90 s and exten-
sion at 72°C for 2 min. The last
extension step lasted 10 min.
The other components of the
mix were: 2 mM MgCly, 0.2 mM
dNTP, 50 mM KCI, 10 mM Tris-
HCI, pH 8.0, 0.1% Triton X-100,
10 U Taqg polymerase and 800
nM each of primers Lep13/
Lep14 (9). Lane 1, 100 bp; lane
2, negative control; lanes 3-8 are
L. bratislava, L. hardjo, L. norma,
L. hardjobovis, L. mini, and L.
neguita, respectively.

DNA by agarose electrophoresis before PCR
(data not shown). To our knowledge, this is E:
the first time thatd. bovis was identified i
directly in milk samples from cattle by PCR.&
A full report on this technique is being pub% -
lished elsewhere (11).

The present data show that E6870 from
C. candamarcensis represents a good option
during isolation of bacterial genomic DNA.
One of Fhe advantages is the stability of Tris, pH 8.3, 2.0 MM MgCly, 0.2
E6870 since thermal inactivation of the en- mM each of dATP. dCTP, dGTP
zyme was less than 10% following a 35-dayrinally, E6870 was isolated from the latex ofind 0.4 mM dUTP or dTTP, 0.5
incubation period at room temperature (dat&. candamarcensis, which is an abundant ol each of primers BW6/BVW7

. . : (10,12), 0.5 U of uracil DNA

not shown). The lack of divalent cation re-source of this enzyme, and therefo_re W8\ cosylase (Gibco BRL, Gai-
guirements in E6870 is another advantaganticipate that, if large-scale production ishersburg, MD), and 2.5 U Taq
compared to proteinase K, the calcium prowarranted, the supply of this enzyme woul@NA polymerase. Before PCR

the mixture was preincubated at

tein most widely used in nucleic acid extrachot be a problem. The thermal stability bes,, for 10 min. The glycosylase

tive protocols. Therefore, E6870 performaween 37 and 50C and pH range (5-8) in was then heat inactivated by in-
wellin mixtures containing 5-15 mM EDTA, which the enzyme exhibits activity represenubation at 95°C for 10 min.
thus improving the inhibition of nucleasesadditional features of interest for those wh(® [+ 190 bb: lanes 27 are
rom cow'’s milk collected

that otherwise could degrade their targetntend to use E6870 in nucleic acid researchem different animals.

B, Mycobacterial DNA (0.001-
500 ng) was subjected to 42
cycles of amplification consist-
i ing of denaturation at 95°C for
30 s, annealing at 68°C for 60 s
and extension at 72°C for 30 s.
The final extension step was car-
ried out at 72°C for 30 min. The
other components of the mix-
ture were: 50 mM KCI, 10 mM
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