egory had a larger mass of muscle in their
pulmonary arteries, heavier cardiac right
ventricles, and more retained brown fat
and hepatic erythropoiesis than did SIDS
victims with a smaller volume of glomic
tissue (Table 2). The glomic tissue volume
of 63 percent of the SIDS victims was clas-
sified as subnormal because their ratios
of glomic volume to body weight were
in the lower 10th percentile of values for
the control infants, that is, less than 0.64.
SIDS victims in this category had no sig-
nificant correlations between the ratios of
glomic volume to body weight and the
various parameters of chronic hypoventila-
tion and hypoxemia. Mean values for the
ratio of volume nerve fibers to volume
carotid body glomic tissue were similar in
age-matched SIDS victims and controls.

Our study indicated that 63 percent of
victims of SIDS has a subnormal volume
and 23 percent an enlarged volume of
glomic tissue in their carotid bodies. These
abnormalities were not due to a failure of
nerve fibers to grow into the organ. Evi-
dences of antecedent chronic alveolar hy-
poxia and hypoxemia were found in both
groups but were more severe in the victims
with the enlarged glomic tissue. Neither of
the carotid body abnormalities in the
SIDS victims are easy to interpret because
it is not known which structures in the or-
gan comprise the various functional com-
ponents of the chemoreceptor apparatus
(12, 13). Glomic tissue is often hyperplastic
in animals and human beings who are
chronically hypoxemic, but it is not known
whether this change is a primary or a sec-
ondary response to the blood gas abnor-
mality (8, 12). The defect that is respon-
sible for the subnormal volume of glomus
cells in many SIDS victims might be pri-
mary in the organ or it could reside in
brain stem respiratory centers and their ef-
ferent or afferent connections to the caro-
tid body. Findings in our study give little
basis for choice. However, the finding of
both hyperplastic and hypoplastic glomic
tissue in various SIDS victims increases
the possibility that diverse mechanisms are
involved in their deaths, even if apneic epi-
sodes remain a common final pathway.

A subnormal volume of carotid glomic
tissue was less common in infected than in
noninfected victims. In addition, there are
other differences between the two groups.
Infected victims are older at death, have
smaller thymus glands, and have some-
what milder features of chronic hypoventi-
lation and hypoxemia than do noninfected
victims (5). This might suggest that a
smaller proportion of deaths in infected
victims are due to the hypoventilation-ap-
nea mechanism. However, infections in-
crease both the frequency and the duration
of apneic episodes during sleep in suscep-
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tible infants, so abnormalities in respira-
tory control remain a likely explanation
for many deaths in both infected and non-
infected victims (2, 14).
RICHARD L. NAEYE
M.S. Hershey Medical Center,
Pennsylvania State University,
Hershey 17033
RusseLL FISHER, MONIQUE RYSER
PHILIP WHALEN
Office of the Chief Medical Examiner,
State of Maryland, Baltimore 21201
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Proviral DNA of Moloney Leukemia Virus:

Purification and Visualization

Abstract. Closed-circular proviral DNA of Moloney leukemia virus has been purified
Sfrom a 107 excess of cellular and mitochondrial DNA. The DN A can be visualized in the
electron microscope and has the contour length of a molecule with a molecular weight of
about 5.5 x 10¢. Electron microscopic observation of a hybrid between viral RNA and
this circular DN A confirms the viral origin of this molecule.

The viral DNA of RNA tumor viruses is
found in several forms shortly after infec-
tion of a susceptible cell. Of great interest
is a closed-circular, double-stranded super-
helical form of the viral DNA shown to ex-
ist in cells infected by Rous sarcoma virus
(1) or Moloney leukemia virus [M-MuLV
(2)]. Its characterization has been impeded
by the low amounts of this DNA that can
be isolated from infected cells.

Nine hours after infection by M-MuLV,
one closed-circular molecule of virus can
be isolated per ten cells in a culture in

Fig. 1. Analysis of ribonuclease digestion of
SV40 and mtDNA. Samples of SV40 DNA (a)

and mtDNA (c) were subjected to elec-
trophoresis directly in agarose gels (15). Equiva-
lent samples were digested with ribonuclease A
(50 pg/ml, 1 mM tris, 0.5 mM EDTA,pH 7.4, 1
hour at 37°C) before electrophoresis on parallel
gels (b and d). (I) closed-circular DNA; (II)
nicked-circular DNA; (I1I) linear DNA.

which all the cells have been productively
infected. This proviral DNA is therefore
present with a 107-fold excess of nuclear
and mitochondrial DNA (mtDNA). Sev-
eral procedures have been used for the en-
richment and purification of the viral
DNA (I, 2). The Hirt extraction procedure
(3) followed by centrifugation in a mixture
of ethidium bromide and cesium chloride
(EtBr-CsCl) (4) afforded a 700-fold enrich-
ment. These steps leave the closed-circular
viral DNA still contaminated by more
than a 10,000-fold excess of mtDNA,
whose similar closed-circular structure re-
sults in its copurification in the isopycnic
centrifugation.

We have developed two methods for the
further enrichment of the viral DNA: one
generally applicable to all such closed-cir-
cular DNA’s and the other particularly
useful for the M-MuLV genome studied
here. The first procedure depends on the
existence of ribonucleotide linkages that
exist in mtDNA (5). Analysis in an alka-
line sucrose gradient has shown that these
are absent from most if not all closed-cir-
cular proviral DNA molecules (I, 2). We
also rely on the sensitivity of duplexed
RNA to ribonuclease when digestion is
performed at low ionic strength (6). Diges-
tion of mtDNA with ribonuclease in low
ionic strength should nick the closed-’
circular form of this DNA at any ribo-
nucleotide linkage, and leave intact other
closed-circular molecules lacking this
linkage.
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SV40 DNA, a closed-circular molecule
which lacks ribonucleotide linkages, is re-
sistant to ribonuclease and continues to
migrate as closed-circular DNA after en-
zyme treatment (Fig. 1). In contrast, 98 to
99 percent of mtDNA now migrates like
nicked-circular mtDNA in an agarose gel.
This nicked mtDNA can be removed from
the remaining closed-circular DNA by a
subsequent cycle of CsCI-EtBr centrifuga-
tion. Control hybridization experiments
confirmed that virtually all the proviral
DNA was unaffected by ribonuclease
treatment and continued to band as closed-
circular DNA.

The ribonuclease treatment leaves a 50-
to 100-fold excess of mtDNA, making pos-
sible the visualization of proviral DNA.
Figure 2 shows the size distribution of such
preparations as visualized in the electron
microscope. The size distribution of all cir-
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Fig. 2. Size distribution of circular DNA’s. (a)
Closed-circular DNA from mock-infected JLS-
V9 cells was purified by Hirt extraction (3) and
EtBr centrifugation, and treated with ribonu-
clease A as in Fig. 1; the surviving closed-circu-
lar DNA was isolated by an additional step of
EtBr centrifugation. The DNA was nicked with
mercaptoethanol (40 mM, 12 hours. 37°C) be-
fore spreading. All molecules having a length
less than that of mtDNA were registered. (b) In-
fected circular DNA. The DNA was extracted 9
hours after infection and prepared as in (a). The
shaded and unshaded bars represent two sepa-
rate experiments. (c) Ry resistant closed-circular
DNA. The DNA was prepared as in (b) and
treated with R; endonuclease (9); SV40 DNA
was then added as an internal marker. The
closed-circular molecules were then isolated by
EtBr centrifugation. All molecules other than
SV40 unit genomes were scored.
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cular molecules smaller than mtDNA,
which itself served as an internal size
marker on all grids, is shown in Fig. 2, a
and b (7). Certain preparations from
mock-infected cells yield a distribution of
molecules from 0.1 to 0.4 the length of
mtDNA (Fig. 2a), while other prepara-
tions of mock-infected cells failed to yield
molecules of less than the length of
mtDNA. The origin of these molecules is
unclear. They are larger than the pre-
viously observed small circular DNA’s of
HeLa cells, which are less than 0.1 the
length of mtDNA (8).

Infected cells show a new size class of
circular DNA’s. Figure 2b shows the size
distribution of circular DNA from two
separate preparations. The distribution
shown with unshaded bars contains the
previously mentioned molecules of 0.1
to 0.4 of an mtDNA unit, as well as
a new size class of molecules of 0.52
unit in length. In another preparation
(shaded bars), only this new class of 0.52
unit is observed; the smaller sized mole-
cules are absent. Five independent prepa-
rations of infected cells have reproducibly
demonstrated molecules of 0.52 mtDNA
unit. The smaller heterogeneous DNA, as
in the mock-infected preparations, is only
occasionally present. The molecules of
0.52 mtDNA unit have properties expected
of proviral DNA in that they (i) arise as a
consequence of infection by M-MuLV, (ii)
lack ribonucleotide linkages (/, 2), and (iii)
are twice the molecular weight of the vi-
rion 355 RNA subunit and their size is in
accord with previous determinations of
molecular weight (1, 2).

An alternative purification was obtained
with R; endonuclease (9). Much of the
closed-circular DNA of M-MuLV remains
in this form after R | treatment (/0). In ad-
dition, R treatment has only minimal ef-
fect on the infectivity of M-MuLV DNA
(11). These data suggest that the M-MuLV
genome might lack cleavage sites for Ry, in
contrast to the two known cleavage sites
found in mouse mtDNA (7).

Treatment with R; endonuclease fol-
lowed by EtBr-CsCl centrifugation thus
provides a technique useful for the puri-
fication of the M-MuLV genome in
mouse cells. Electron microscopic survey
of the enzyme-treated material showed
quantitative removal of closed-circular
mtDNA. The SV40 circular DNA was
added as a size marker after enzyme cleav-
age. In addition to the SV40 monomer
DNA observed in this preparation (Fig.
3b), two other classes of molecules were
observed: SV40 dimers and DNA of 1.67
SV40 lengths, which we assume to be the
proviral genome. In the absence of added
SV40 marker DNA, this preparation of
proviral DNA would have been virtually

chemically pure. The calculated molecular
weight of the proviral genome is 5.7 x 10¢
with SV40 as a size reference (/2), and
5.3 x 10 with mouse mtDNA as a size
reference (7). By comparison, electron mi-
croscopy has shown that the molecular
weight of the single-stranded 35S RNA
subunit of the related RD-114 virus was
2.8 x 106 (13).

A further demonstration of the viral ori-
gin of these molecules was made possible
by a technique developed by White and
Hogness, who have shown that RNA can
be annealed to a DNA duplex in the pres-
ence of high concentrations of formamide
(14). Control experiments confirmed their
data by showing that virtually all SV40
nicked-circular DNA bands more densely
in an isopycnic gradient after annealing
with an excess of SV40 viral RNA in a
high concentration of formamide. We have
nicked the putative M-MuLV viral DNA
and incubated it under identical conditions
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Fig. 3. Electron microscopic examination of
proviral DNA. (a) Closed-circular DNA from
infected cells was purified as in Fig. 2b, treated
with 40 mM mercaptoethanol for 12 hours, and
examined with variations of the conventional
Kleinschmidt technique with a 0.25M ammoni-
um acetate hypophase and a 0.5M ammonium
acetate spreading solution as described (16, 7).
(b) Rj resistant closed-circular DNA from in-
fected cells was prepared as in Fig. 2c, mixed
with a 100-fold excess of form I of SV40 DNA,
and visualized as in (a) above. (c) Annealing of
viral RNA to circular DNA. The mixture of R
resistant DNA and SV40 DNA (Figs. 2c and 3b)
was treated with mercaptoethanol as above and
annealed with 355 M-MuLV RNA (40 xg/ml)
in 70 percent formamide, 0.5M NaCl, 0.1M tris
(pH 17.5) at 50°C for 12 hours (/4). The mixture
was then visualized with a 50 percent formamide
spreading solution over a 20 percent formamide
hypophase (16). (d) A tracing of the MuLV and
SV40 molecules of (c).
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with a 100-fold excess of M-MuLV 35§
RNA.

Many of the DNA circles with a mo-
lecular weight of 5.5 x 10° now appear to
contain single-stranded tails. None of the
nicked SV40 molecules, present in the
same mixture in 100-fold excess, had any
detectable tails. These single-stranded tails
have not been well characterized. They
may be a mixture of viral RNA and
strands of viral DNA partially displaced
from the DNA duplex by the annealed vi-
ral RNA. They have only been observed
after annealing with viral-specific RNA.
These tails were derived from the presence
of viral RNA and thus constitute addition-
al evidence of the viral origin of the DNA
with a molecular weight of 5.3 x 107 to
5.7 x 10¢.

Electron microscope observation has
been necessary to determine the purity of
the proviral DNA. The chemically pure
proviral DNA should now make possible
detailed characterization of its structure.

A. M. GIaNNg, J. R. HutTON*

D. SMOTKIN, R. A. WEINBERG
Center for Cancer Research and
Department of Biology, Massachusetts
Institute of Technology, Cambridge 02139,
and Department of Biological Chemistry,
Harvard Medical School,
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Antileukemic Principles Isolated from Euphorbiaceae Plants

Abstract. Extracts of Euphorbia esula L. and Croton tiglium L., two members of the
Euphorbiaceae which have been used widely in folk medicine for treating cancers, showed
antileukemic activity against the P-388 lymphocytic leukemia in mice. Systematic frac-
tionation of the extract of Euphorbia esula L. led to characterization of a major antileu-
kemic component as the new diterpenoid diester, ingenol 3,20-dibenzoate. Similar frac-
tionation of Croton oil led to characterization of phorbol 12-tiglate 13-decanoate as an

active principle.

Plants of the family Euphorbiaceae have
been used to treat cancers, tumors, and
warts from at least the time of Hippocrates
(circa 400 B.C.), and references to their use
have appeared in the literature of many
countries (/). We report the isolation and
characterization of antileukemic principles
from Euphorbia esula L. and Croton tig-
lium L., two members of the Eu-
phorbiaceae which are among those used
widely in folk medicine (/).

In the course of our search for tumor in-
hibitors from higher plants, we found that
an alcohol-water (95: 5) extract (at room
temperature) of Euphorbia esula L. from
Wisconsin (2) showed significant inhib-
itory activity when tested in rodents
against the sarcoma 180, Walker 256 car-
cinosarcoma, Lewis lung carcinoma, and
P-388 lymphocytic leukemia (3). The frac-
tionation of an active extract led to the
characterization' of a major antileukemic
component as the new diterpene diester, in-
genol dibenzoate (1). Ingenol dibenzoate
shows significant inhibitory activity, at
dosages of 130 to 360 ug per kilogram of
body weight, against the P-388 lymphocyt-
ic leukemia (3).

Successive solvent partition of the alco-
holic extract of E. esula led to concentra-
tion of the antileukemic (P-388) activity in
the chloroform layer of a chloroform-wa-
ter partition. Column chromatography of
the residue from the chloroform solution
on SilicAR CC-7 and subsequent thin-lay-
er chromatography (TLC) on ChromAR
were guided by testing for P-388 inhibitory
and piscicidal activity. This procedure led
to the isolation of ingenol dibenzoate (1,
0.0002 percent of the plant weight), a resin-
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ous material (4) with specific optical rota-
tion at 28°C for the sodium D line
([]B) + 268° (¢, 0.0026, ethanol). High-
resolution mass spectrometry (HRMS)
(chemical ionization: methane reagent gas)
indicated the empirical formula to be
C,,H,O, [calculated (M* + H), 557.252;
found, 557.254].

Spectral data (5) suggested that the ac-
tive principle was a diterpene diester. Ac-
cordingly, methanolysis of 1 yielded the
tetracyclic diterpene ingenol (2), identified
by comparison of its spectra with pub-
lished data (6). Acetylation of the meth-
anolysis product afforded the triacetate (3,
C,H,, 04 melting point, 195° to 197°C),
which had identical physical constants with
those reported (6) for ingenol triacetate.
The nuclear magnetic resonance (NMR)
spectrum of 1 possessed two A B X sys-
tems centered at 2.3, indicating the pres-
ence of two benzoate groups. This was sup-
ported by the mass spectrum of 1, which
contained a strong peak at mass/charge
(m/e) 105 (C H,CO).

The structural problem which remained
at this point was the determination of the
sites of attachment of the two benzoate
groups to the ingenol ring system. The
NMR signals for H-3 and H,-20 of 1 ap-
peared at lower magnetic field by 1.46 and
0.82 parts per million, respectively, than
the corresponding signals of ingenol (7).
Acetylation of 1 gave a monoacetate (4),
and the NMR spectrum of 4 showed the
H-5 signal at r 4.42. These results in-
dicated C-3 and C-20 to be the points of at-
tachment of the two benzoate ester groups.
Thus, compound 1 was proved to be in-
genol 3,20-dibenzoate.

Our success with E. esula prompted us
to search for tumor inhibitory principles in
an extract of the seeds of a related genus.
Croton oil, which is the seed oil of Croton
tiglium L., a leafy shrub native to South-
east Asia, is commercially available (8).
The diterpenoid esters of Croton oil are of
current interest as a result of their demon-
strated biological activity as cocarcinogens
(9). When Croton oil was evaluated for
possible effects on the P-388 lymphocytic
leukemia in mice, significant inhibitory ac-
tivity was noted (3). Fractionation of the
oil led to the characterization of a major
component as the known phorbol diester,
phorbol 12-tiglate 13-decanoate (5). Com-
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