--m
cell lysates of clone Dd2 and processed as above,
except that the nickel column was washed with 100
mM imidazole before elution.
33. Human HRG was extracted from serum by passage
over a nickel column, as described (18). It was eluted
with 200 mM imidazole and was dialyzed against
water for 48 hours with three changes.
34. Recombinant HRP 11 (100 pmol) was incubated for
14 hours with 600 nmol of hemin in 500 mM sodium acetate (final volume, 12 ml). Insoluble material
was collected by centrifugation as above, and was
processed by washing in 2.5% SDS and 0.1 M
sodium bicarbonate, then in 2.5% SDS, and finally
three times in water. Isolation of parasite hemozoin
and production of ,-hematin were as described (4).

After lyophilization, each pellet was placed on a
sodium chloride disk, and data were acquired for
five cycles on a FTIR spectrometer (Perkin-Elmer
1710).
35. RNA was isolated from P. falciparum clone 3B-D5
trophozoites [K. A. Creedon, P. K. Rathod, T. E. Wellems, J. Biol. Chem. 269, 16364 (1994)] and was
reverse-transcrbed after extensive deoxyrbonuclease digestion (24). The HRP IV-specific sequence
GTAATAGTCCAAAAAGATATTG was used as a
primer. This oligonucleotide and one corresponding
to the downstream sequence CATCAAATTCTTCTAAGCC were used for polymerase chain reaction amplification; products were analyzed on a 1.3% agarose gel. A control incubation, taken through the same

*TECHNICAL COMMENTS

Claire Gaillard and Fran,ois Strauss (1)
found that DNA fragments containing the
sequence (CA)30 spontaneously associated
in a series of products of reduced mobility,
and that these products bond to the nuclear
nonhistone high mobility group (HMG)
proteins 1 and 2. We have obtained evidence strongly suggesting that this association is mediated by partial denaturation of
the DNA resulting from interaction with
certain polypropylene tube surfaces. This
phenomenon has implications for the possible role of surfaces (including cellular surfaces) in affecting the conformation of
DNA and should be taken into consideration by investigators conducting experiments that are sensitive to low levels of
denaturation.
We incubated a 32P-labeled 124-bp fragment of DNA containing the sequence
(CA)30-(GT)30(fCA30) (2) in ordinary
polypropylene (pp) microfuge tubes (3) and
produced a ladder of apparently multimeric
complexes as observed by Gaillard and
Strauss; however, no ladder was seen when
the incubation was carried out in borosilicate
glass tubes (3) or in pp tubes that have been
commercially coated to have low-binding
properties ("lube" tubes; Marsh Biomedical
Products, Rochester, New York). Moreover,
the association was inhibited when an excess
amount of a single-stranded oligonucleotide
(lacking any significant homology to the
DNA fragment) was present in the solution
before adding the fragment.
To determine whether the association actually required the presence of a pp surface,
as opposed to its being a solution phenomenon that was simply inhibited by contaminants released from the glass and lube tube
surfaces, we preincubated fCA30 in a glass
tube for several hours, then transferred the
m

DNA to a pp tube and continued the incubation for another several hours. If the glass
emitted some diffusible inhibitor of the reaction, there should have been no association after transferring to the pp tube. However, association did in fact occur after transfer, indicating that the pp surface was required. Because single-stranded DNA binds
more tightly to many surfaces than does double-stranded DNA, it is likely that the inhibitory effect of the oligonucleotide results
from its binding to putative sites on the pp
surface that mediate the association. Similar
experiments involving transfer from lube
tubes into pp tubes did not result in association, indicating that a diffusible inhibitor
was present in the lube tubes. It is likely that,
on transferring the solution, this inhibitor
also prevents association by binding to active
sites on the pp surface. Thus, it is important
to avoid the use of lube tubes for manipulating or storing DNA in order to observe this
phenomenon. To minimize background levels of denaturation and complexation while
using pp tubes, it is best to store DNA samples in the frozen state and avoid small volumes that increase the ratio of pp surface to
sample volume.
Parallel experiments were performed using a 62-bp control fragment (fC) lacking
any long repeats and another, approximately 120-bp fragment (fGA37) (4) containing
an internal (GA)37 repeat instead of a CA
repeat. Multimerization was observed with
fGA37, but not with fC.
When various surfaces and inhibitors
were used, the same conditions that led to
multimerization of fCA30 and fGA37 also
led to the appearance, in the case of fC and
fGA37, of a faster migrating fraction that
comigrated with the denatured fragment. (In
the case of fCA30, the denatured fragment
SCIENCE * VOL. 271 * 12 JANUARY 1996

steps but omitting reverse transcriptase, was performed; a band of the predicted size was found from
the reverse transcriptase incubation only. Similar reactions with nested prmers also gave bands of the
predicted size.
36. We thank D. Taylor for mAbs, T. Wellems for Plasmodium clones 3B-D5 and Dd2, D. Covey for help
with FTIR analysis, T. Steinberg for fluorescence microscope use, K. Luker for advice on amino acid
analysis, A. Oksman for parasite culture, and S.
Francis and D. Minning for critical reading of the
manuscript. Supported by NIH grant Al-31615.
D.E.G. is a Charies E. Culpeper Medical Scholar.
5 July 1995; accepted 8 November 1995

was poorly resolved from the duplex under
our conditions.) When fCA30 was deliberately subjected to alkaline denaturation followed by renaturation (performed in lube
tubes, or in the presence of an excess of
oligonucleotide to disallow the pp-dependent association, or in both) the resulting
pattern of products was similar to that seen
for spontaneous association in pp tubes.
The simplest explanation of these results
is that the formation of slower migrating
products is mediated by partial or complete
denaturation followed by misaligned annealing at the repetitive sequence. Further
intermolecular pairing of single-stranded
ends could lead to multimeric branched
structures, which would be expected to bind
HMG1 and HMG2, as observed by Gaillard
and Strauss, because those proteins are
known to bind to branched or distorted
DNAs (5).
Because we observed little or no denaturation or multimerization using tubes
from one supplier (3), it may be that minor
constituents of the plastic that vary with
manufacturing procedures contribute to the
surface activity. A fuller account and discussion of these results will be presented
elsewhere (6).
Boris P. Belotserkovskii
Cell and Molecular Biology Laboratory,
SRI International,
333 Ravenswood Avenue,
Menlo Park, CA 94025, USA,
and Institute of Molecular Genetics,
Russian Academy of Sciences,
Moscow 123182, Russia
Brian H. Johnston
Cell and Molecular Biology Laboratory,
SRI International,
333 Ravenswood Avenue,
Menlo Park, CA 94025, USA,
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Stanford University School of Medicine,
Stanford, CA 94305, USA
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Hepatic Fibrosis in Ahr-'- Mice
In their recent report, Pedro FemandezSalguero et al. state that mice deficient in
the aryl hydrocarbon receptor have decreased peripheral lymphocytes, small livers, and pronounced fibrosis in the hepatic
portal tract (1). However the photomicrographs offered in the report (figure 2, p.
724) appear to show, at best, only mild
portal fibrosis. Also, the specimens shown
are stained with hematoxylin and eosin
(H&E) and not Masson's trichrome, the
usual stain for showing fibrosis.
A potential confounding aspect of the
data presented may lie in the comparison of
Ahr-l- liver sections with large bile ducts
with control liver sections that show small
portal tracts. Sections from larger, more
central portions of the biliary system normally contain more connective tissue than
smaller, peripheral bile ductules, which
makes comparison of these different regions
of the liver difficult. Femandez-Salguero et
al. state in the legend of figure 2 that the

fibrosis shown in these photomicrographs
was moderate at this stage, which seems to
imply that more severe fibrosis did occur.
A Research News article "Dioxin receptor knocked out" by Richard Stone in the
same issue (5 May, p. 638) shows a photomicrograph (provided by Femandez-Salguero et al.) of a portal tract from a Ahr-lmouse liver stained with Masson's trichrome that exhibits significantly more collagen in the portal tract than the accompanying normal portal tract. However, the
portal triads pictured also appear to come
from different regions of the biliary tree,
with a much larger bile duct in the Ahr-'liver section.
To demonstrate differences in connective tissue from different sized portal tracts
in normal liver, we took photomicrographs
of CBA mice tissue at about the same magnification as those taken by Femandez-Salguero et al. The smaller, distal bile duct we
present (Fig. 1A) is about the same size as

Response: Belotserkovskii and Johnston suggest that the phenomenon which we described in our report is catalyzed by the
surface of polypropylene tubes. This is an
interesting observation, which we have also
seen, independently, since the publication
of our report, and with which we agree
entirely. We plan to describe our results on
this point (1).
Belotserkovskii and Johnston also suggest that the interaction of DNA with
polypropylene induces a denaturation, and
that this denaturation is responsible for the
formation of multistranded complexes.
Their results seem to be in agreement with
this suggestion, but do not prove it unambiguously. It seems likely that the interaction with polypropylene induces a change
of conformation of DNA (1), but is this a
denaturation in the classical sense? We
have performed denaturation-reassociation
experiments similar to theirs, but we did not
obtain the same result: Under conditions
where interaction of DNA with polypropylene was inhibited, the formation of multistranded complexes was hardly detectable
in our hands.
Claire GaiUard
Franfois Strauss
Institut Jacques Monod,
2 place Jussieu,
75251 Paris 05, France
REFERENCES
1. C. Gaillard and F. Strauss, in preparation.
9 October 1995; accepted 31 October 1995

Fig. 1. Histologic appearance and collagen content of distal and proximal portal zones of normal CBA
mouse liver. Arrow points to bile duct epithelium in each picture. (A) Distal bile duct, H&E stain; (B) distal
bile duct, trichrome collagen stain; (C) large proximal bile duct, H&E stain; (D) larger proximal bile duct
trichrome collagen stain. Note increased collagen deposition (blue) in larger portal zone. Magnification,
x200.
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3. Ordinary polypropylene tubes that demonstrated
surface actMty were 0.5 and 1.5 ml (non-"lube")
microfuge tubes obtained from Marsh Biomedical
Products (Rochester, NY) and from E&K Scientific
Products (Campbell, CA). Similar tubes from United
Scientific Products (San Leandro, CA) showed little
or no denaturation or mulimerization. Borosilicate
glass tubes (10 mm x 75 mm) were obtained from
Baxter (Deerflield, IL). In a typical reaction, 32P-labeled DNAfragments (-10 nM) in 9-j.l volumes containing 0.85 to 1.24 M NaCI, 6.5 mM trs-HCI (pH
7.45), and 0.65 mM EDTA were incubated at 370C
for 16 to 22 hours, then analyzed on polyacrylamide
gels.
4. Fragment fC was the 62-bp Hind III/Xba fragment
from pBSIISK+ (Stratagene), having the sequence
AGAGGGAATTCTCCTr inserted at the Sma site.
The fragment fGA37 was the Eae I/Hind IlIl fragment
from pGA37, a dervative of pUC9, bearing a (GA)37
insert in the EcoRI site, approximately 120 bp in
length. This plasmid, kindly provided by R. D. Wells
[D. A. Collier and R. D. Wells, J. Biol. Chem. 265,
10652 (1988)], was derived from a plasmid originally constructed by T. Evans.
5. P. M. Pil and S. J. Uppard, Science 256,234 (1992);
M. E. Bianchi, M. Beftrame, G. Paonessa, ibid. 243,
1056 (1989); M. E. Bianchi etal., EMBO J. 11, 1055
(1992); E. N. Hughes, B. N. Engelsberg, P. C. Billings, J. Biol. Chem. 267, 13520 (1992).
6. B. P. Belotserkovskii and B. H. Johnston, in Biolgical Structure and Dynamics, R. H. Sarma and M. H.
Sarma, Eds. (Adenine, Schenectedy, NY), in press;
, in preparation.
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