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Fig. 2. The coincidence of the C"-guanine
spot on the autoradiograph (top) and
the ultraviolet-absorbing spot on the
shadowgram (bottom) illustrates the for-
mation of guanine during the thermal
polymerization of amino acids. The large
ultraviolet absorbing spot to the right of
the origin is probably due to a free amino
acid.

absorbing areas on the chromatogram
appeared as white spots on a dark
background. By this method the small-
est amount of purine or pyrimidine that
could be detected was 0.03 ug. The
paper chromatogram of the material
eluted from the area corresponding to
the guanine standard on the thin-layer
chromatogram showed an ultraviolet
absorbing spot having the Rr values of
guanine in the two solvents used.

In a second experiment the eluted
material was chromatographed again
with a trace of C'-labeled guanine. The
amount of guanine-C"* used was large
enough to darken an x-ray film after an
exposure of 10 days, but too small to
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show any ultraviolet absorption on a
shadowgram. The darkening of the
x-ray film corresponded in shape and
position to the ultraviolet-absorbing
area of the shadowgram (Fig. 2). This
coincidence was obtained in four differ-
ent solvent systems: propanol, ammo-
nia, and water (60:30:10 by volume);
isopropanol and 2N HCI (65:35 by vol-
ume); butanol, anhydrous formic acid,
and water (77:10:13 by volume); and
butanol and water (86:14 by volume).
Guanine was the only base detected
by this technique. The ultroviolet spec-
trum at pH 1 of the material eluted
showed maxima at 2750 A and 2480
A confirming the presence of guanine.

In a control experiment the identical
mixture of amino acids was subjected
to the entire experimental procedure
except the polymerization by heat. No
guanine was detected. In the experi-
ment in which guanine was detected
the conditions—heating to 200°C, hy-
drolysis with 6N HCI, extraction with
2N NH.OH—were sufficiently rigorous
to preclude any significant microbial
contamination during the process itself.

The amount of material formed is
extremely small. In six different runs
5 g of proteinoid gave an average yield
of 0.6 umole of guanine. During the
hydrolysis of the proteinoid by 6N
HCl some of the guanine must have
been lost by conversion into xanthine.
None of the other bases—adenine, cy-
tosine, uracil, or thymine—appear to
be formed.

In order to investigate the possibility
of these bases being formed in quanti-
ties less than 0.03 ug, which was the
smallest amount detectable by the tech-
nique used, further experiments were
performed incorporating chromato-
graphically pure aspartic and glutamic
acids uniformly labeled with C* into
the mixture of amino acids. Radio-
active guanine was detected in this ex-

periment and confirmed our previous
finding. The experiment did not, how-
ever, reveal the presence of any of the
other bases.

The mechanism of the synthesis is
obscure. Hydrogen cyanide, which is
known to be an intermediate in purine
synthesis (7), may be produced by the
pyrolysis of amino acids. The results of
the experiments with labeled material
show that both aspartic acid and gluta-
mic acid may contribute to the syn-
thesis of guanine. It is not clear to
what extent the other amino acids
which were used in the proteinoid syn-
thesis took part in the formation of
guanine. It is suggested that the forma-
tion of guanine during the thermal
polymerization is relevant to a dis-
cussion on chemical evolution. The
yield of guanine in this process, al-
though small, may be considered sig-
nificant in the context of a time scale
of the order of several hundred million
years.
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X-ray Diffraction Study of a DNA Which Contains Uracil

Abstract.

Three-dimensional structure of DNA from PBS2 bacteriophage,

which contains uracil in place of the more usual thymine, is the same as that
of “normal” DNA. The difference in secondary structure between DNA and
RNA thus appears to be due to the 2’-hydroxyl group alone.

The DNA of the Bacillus subtilis
transducing bacteriophage PBS2 has
the unusual property of containing
uracil in place of thymine (7). Since
all DNA samples studied so far ap-

pear to have essentially effectively
identical three-dimensional structures
(2) which differ from RNA (3), we
were interested in finding the effect
on the DNA structure of a base
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Fig. 1. X-ray diffraction photograph from
a PBS2 DNA fiber 75 u in diameter at 75
percent relative humidity. Fiber axis ver-
tical.

which has usually been regarded as a
component of RNA only.

It seems unlikely a priori that the
absence of a methyl group in the 5
position, which constitutes the only
difference between uracil and thymine,
could have a marked effect on the
three-dimensional structure of the
nucleic acid. However, since this dif-
ference in base composition and the
absence of the 2’-hydroxyl in DNA
are the only major chemical differ-
ences between the two nucleic acids,
it is a point which needs experimental
clarification.

Bacteriophage PBS2 was grown on
B. subtilis strain SB19. The bacte-
riophage lysate, concentrated by cen-
trifugation, was shaken gently with
buffered phenol to extract the DNA.
After several extractions the DNA in
the aqueous layer was dialyzed free
of phenol. The DNA was then pre-
cipitated with alcohol and dried with
acetone. Fibers about 0.05 mm to
0.1 mm in diameter were drawn from
a rewetted gel of the DNA.

X-ray diffraction photographs of
the fibers were taken in microcam-
eras, the instances between specimen
and film being 1.6 cm and 2.7 cm and
exposure time about 24 hours. The
water content of the fibers was con-
trolled by filling the cameras with heli-
um which had been bubbled through
appropriate saturated salt solutions.

The x-ray diffraction photographs
are not of high quality but show a
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pattern typical of that given by DNA
in the B configuration, at both 75
and 92 percent relative humidity
(Fig. 1). A simple comparison with
other DNA’s is made difficult by the
extensive glucosylation of PBS2 DNA.
Twenty percent of the guanine and
60 percent of the cytosine residues
are glucosylated (/). The DNA from
Escherichia coli bacteriophage T2
gives similar diffraction diagrams (4)
and is also extensively glucosylated.
This glucosylation has been proposed
as the reason for the lack of crystal-
linity and for the poor diffraction
patterns given by this DNA as com-
pared to other DNA’s—the glucosyla-
tion of the bases causes steric hin-
drance in the packing of the mole-
cules (4). A similar explanation seems
reasonable for PBS2 DNA. The dif-
fraction pattern is quite characteristic
of DNA, so that the structure is
clearly a two-chain helical polynu-
cleotide with chains running in op-
posite directions and with Watson-
Crick base pairs between the chains.
The base pairs are perpendicular to
the helix axis.

While the conclusion is not com-
pletely clear-cut—a uracil-containing
DNA which is not glucosylated would
be a more suitable model—the simi-
larity to DNA of bacteriophage T2,

and the clear difference from RNA,
makes it likely that the substitution
of uracil for thymine has no major
effect on the overall three-dimen-
sional configuration of a two-chain
base-paired helical nucleic acid. The
presence or absence of the 2’-hydroxyl
group appears to be the deciding
factor.
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Unusual Aggregation of a Nonfunctional Tobacco

Mosaic Virus Protein

Abstract. The nonfunctional virus protein isolated from plants infected with
the PM2 strain of tobacco mosaic virus aggregates to form elongated, two-
stranded, open helical structures, in marked contrast with functional tobacco
mosaic virus protein which aggregates into rods. This unique type of aggregation
may explain why the PM?2 protein is unable to combine with viral nucleic acid

to form stable infectious virus particles.

The isolation of two defective tobac-
co mosaic virus strains was recently re-
ported by Siegel et al. (1). Both strains
exhibited biological properties which
indicated that in the host plant the virus
nucleic acids were unprotected by pro-
tein. One of these strains (PM1) en-
gendered no protein serologically relat-
ed to tobacco mosaic virus. The other
strain (PM2), however, was shown to
have a protein of low molecular weight,
which is serologically cross-reactive
with tobacco mosaic virus protein but
which apparently is unable to combine
with the virus nucleic acid in vivo.
This nonfunctional virus protein aggre-

gates in vitro into elongated particles
when the pH of the solution is low-
ered. Elongated striate loops have been
seen in infected cells (2) suggesting that
PM?2 protein also aggregates in the host.

Low molecular weight tobacco mosaic
virus protein can be made to aggregate
into rods that are morphologically very
similar to intact virus particles (Fig. 1).
If this aggregation occurs in the pres-
ence of tobacco mosaic virus RNA,
infectious virus particles are reconstitut-
ed (3). On the other hand, if PM2
protein is made to aggregate under the
same conditions in the presence of
tobacco mosaic virus RNA, no in-
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