thesis. Reactions 4 and 5 have been investigated con-
veniently in the reverse direction, using labeled B-me-
thylerotonate and CO, as the substrates..

It is now of interest to know how B-methylerotonyl
units are polymerized and whether it is the B-methyl-
crotonyl-coA derivative that is involved in rubber for-
mation. It appears possible that union of 5-carbon
units is carried on in a manner basically similar to
that by which the 2-carbon acetyl-coA fragments are
united to form the 4-carbon acetoacetyl-coA. Reduc-
tion of the 10-carbon compound, which would result
from the initial polymerization, would lead then to a
10-carbon hydrocarbon. But this union necessarily in-
volves several individual enzymatic steps. It involves
the introduction of the specificity of the cis-bond in
each of the two 5-carbon units. We do not yet under-
stand how the responsible enzyme catalyst assures
that each unit as it is introduced into the whole will
be of the cis-configuration, but we do at least have an
effective and readily studied system for the working
out of these important matters.

and then cyclize this triterpene to form a precursor
of cholesterol which is then modified by elimination
of appropriate carbon atoms to form the final carbon
skeletal of the substance.

Summary. The problem of how rubber is synthe-
sized in the plant has been divided into two portions:
(i) the nature of the monomer used and how this
monomer is synthesized, and (ii) the nature of the
polymerization reaction by which the monomer is
transformed to rubber. With respeet to the first, the
monomer appears to be the 5-carbon branched-chain
compound B-methylerotonic acid or a derivative
thereof. This substance is synthesized in the plant
from acetyl-coA. With respect to the second, no in-
formation is available, since polymerization of the
5-carbon monomer units to polymers has not yet been
achieved outside the living plant.
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Nucleotides from T2r" Bacteriophage

*

Robert L. Sinsheimer
Physics Department, lowa State College, Ames

F desoxyribonucleic acid, obtained by osmotic
shock from T2r+ bacteriophage, and deprotein-
ized, is treated successively with pancreatic des-
oxyribonuclease and purified venom phosphodi-

esterase (1), 62 percent of the phosphorus (P) of
the nucleic acid can be recovered in the form of mono-
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nucleotides. This result is in distinet contrast to that
obtained with calf thymus or wheat germ desoxyribo-
nucleic acid, which are degraded quantitatively to
mononucleotides by this procedure (I, 2). The re-
mainder of the P is in the form of enzyme-resistant
di-, tri-, and polynucleotides.
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If the mononucleotides thus obtained are fraction-
ated by ion-exchange chromatography at pH 4.3 (3),
five peaks are obtained. The last three of these are
readily recognized as thymidylic, desoxyadenylic, and
desoxyguanylic acids. The first two, temporarily named
H1 and H2 (Fig. 1), are new nucleotides, cystosine-
like in spectra. The proportions of the five mono-
nucleotides are given in Table 1. Data on certain
ultraviolet spectroscopic ratios of the two new nucleo-
tides are given in Table 2.

While differing in spectra at pH 4.3, nucleotides H1
and H2 are virtually identical in spectra at pH 7 or
pH 1. Upon hydrolysis in 6§ HCI for 3 hr at 100°C,
both nucleotides yield the pyrimidine, 5-hydroxyme-
thyleytosine (HMC) (4), as evidenced by its chro-
matographic behavior in water-ammonia-propanol sol-
vent (5) and its ultraviolet absorption spectrum (6).
One mole of HMC per mole of phosphorus is obtained
from each nucleotide.

Both nucleotides are dephosphorylated by prostatic
phosphomenoesterase. Both are dephosphorylated by
the 5-nucleotidase of rattlesnake venom, which is
known not to attack 3’-desoxyribonucleotides (7),
although it should be noted that the action of this
enzyme on HI is considerably slower than on H2.

Upon applying the Stumpf (8) test for desoxy-
ribose, both H1 and H2 produce an incomplete re-
action, very nearly parallel in time course to that of
desoxyecytidylic acid. Upon applying the Dische test
(9), H2 produces in 24 hr an absorption peak at
380 mu, characteristic of desoxyribose; H1, however,
produces an immediate reaction, characteristic of
hexoses, with an absorption maximum at 410 mu. In
24 hr the spectrum shifts to that obtained from a
mixture of hexose and desoxypentose.

If H1 is hydrolyzed with 1¥ HCI for 2 hr at 100°C,
0.92 mole of reducing sugar (10) is released per mole
of P. Similar treatment of H2 released no reducing
sugar (under these conditions, desoxyribose is con-
verted to levulinic acid and does not titrate as a
reducing sugar).

D260
0.2
HI
0.1 H2
MY Y XTI
_of o2 o025 05L

Fig. 1. Chromatographic fractionation of H1l and H2
from 60 mg of T2r* DNA. Column Dowex-1-8x, 10em
X /4 em?, a, 0.01N NH,OH; b, 0.01M acetate buffer, pH
4.3; ¢, 0.06M acetate buffer, pH 4.3.
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Table 1. Mononuclcotides obtained by enzymatic deg-
radation of T2r* DNA.

Ultraviolet
. absorption
Nucleotide at 260 my P (%)
(%)
H1 1.78 3.0
H2 1.25 2.2
Thymidylie 20.0 22.2
Adenylie 34.5 22.8
Guanylie 15.9 12.5
Total 73.4 62.7
Table 2. Spectroscopie ratios.
Ratio Desoxy-
pH (mp/muy) H1 H2 cytidylie
43 260/280 0.66 0.60 0.64
: 270/290 1.45 1.28 1.60
65 260/280 0.83 0.82 1.02
: 270/290 1.96 1.97 4.2

Paper chromatographic analysis of such a 2-hr
hydrolysate of HI1, using a water-pyridine-butanol
solvent (3:4:6 parts by volume) and staining with
aniline phthalate reagent (71), indicated the presence
of an aldohexose-that migrates as does glucose. Spray-
ing with ninhydrin reagent gave a negative reaction.

After hydrolysis of H1 for 1 hr in 1N HCI at
100°C, which released 0.61 mole of reducing sugar
per mole of P, the digest was fractionated on Dowex-1
resin at pH 4.3. Three peaks were recovered, a pyri-
midine base, undegraded H1 (0.10 mole/mole initial
H1), and H2 (0.25 mole/mole initial H1). The pyri-
midine base had the spectrum of HMC and migrated
with HMC in paper chromatography. However, it gave
a positive hexose reaction in the Dische test (HMC
does not) to the extent of 0.27 mole hexose (as glu-
cose) per mole initial H1. The undegraded H1 plus
the hexose of the pyrimidine base thus accounts for
the residual, unreleased hexose of the initial H1. The
H2 recovered must have been derived from the H1
by splitting off reducing sugar (glucose).

Similar hydrolysis of H2 yielded only HMC and
undegraded H2 (0.41 mole/mole initial H2).

It thus appears that H2 is 5-hydroxymethyldesoxy-
cytidylie acid, while H1 is a glycosyl substituted
5-hydroxymethyldesoxycytidylic acid. The mixed py-
rimidines recovered after acid hydrolysis of H1 are
HMC and glycosyl substituted HMC. The position
of the glucose substitution has not been established,
although the 5-hydroxymethyl position seems most
likely in view of the near identity of the spectra of
H1 and H2.

Thymidylic, desoxyadenylic, and desoxyguanylic
acids from T2r* nucleic acid give only the desoxy-
ribose reaction in the Dische test.
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It thus appears that the nuclei¢ acid of T2r* is an
example of an unusual desoxyribonucleic acid with
glucose side chains.

It may be noted that the nucleotides H1 and H2
differ notably in both the sensitivity and nature of
their response to irradiation with ultraviolet (2537 A)
irradiation.
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Lewis J. Stadler, Geneticist

N the death of Lewis J. Stadler on 12 May 1954
the science of genetics lost one of its most gifted
and talented votaries. For more than 30 years
Stadler conducted genetic experiments notable

for their significance and clarity of conception, yet his
influence on the course of genetical theory cannot be
properly assayed from the published record alone. His
penetrating and logical mind and his unexcelled ability
to grasp the essential and diseard the trivial made him
a masterful critic and analyst. His friendly counsel
and advice were constantly sought, for the extraordi-
nary quality of his intellect was widely recognized. It
is truly lamentable that death should come at the rela-
tively early age of 57 when he was at the height of his
intellectual powers and at a time when he was en-
grossed in fruitful studies.

Stadler attended the University of Missouri for 2
years before transferring to the University of Florida,
where he obtained the degree of B.S. Agrie. in 1917.
Returning to Missouri for graduate work, he was
awarded his A.M. in 1918 and then spent the following
year at Cornell before coming back to Missouri to
finish his graduate studies in 1922. Stadler was an as-
sistant and instructor in the Department of Field
Crops during the period of his graduate work, and
after obtaining his Ph.D. he was made an assistant
professor.

Except for a year spent at Harvard and Cornell
(1925-26) as a National Research Couneil fellow and
for sojourns as visiting professor at the California
Institute of Technology in 1940 and at Yale in 1950,
Stadler remained at Missouri until his death. From
1930 to 1954 he was jointly employed by the Univer-
sity of Missouri and the U.S. Department of Agri-
culture. Under Stadler’s leadership the genetics lab-
oratory at Missouri became a world-renowned center
that attracted fellows from many lands.

Beginning with 1921 his maiden publications dealt
with field plot technique and related agronomic prob-
lems, and it was not until 1925 that his first genetical
paper, a study of variation in linkage values in maize,
appeared. A more extensive analysis of the same phe-
nomenon was published in 1926. Even today these
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papers constitute the most critical and intensive study
of variation in recombination values in maize and are
noteworthy contributions to genetic knowledge. How-
ever, it was at the 1927 meeting of the AAAS at Nash-
ville that Stadler attracted wide attention by his con-
firmation of Muller’s (1927) prior announcement of
the mutagenic effect of x-rays. As is so often true, the
same type of experimentation is conducted coinci-
dently and wholly independently in more than one
laboratory; this was true for the genetic effects in-
duced by x-rays. It in no way detracts from the sig-
nificance of Muller’s work to say that Stadler was also
a pioneer investigator of the genetic effects of short-
wave irradiation. :

From 1926 on Stadler was primarily concerned with
studies of gene mutation, and it is with this area of
genetic research that his name is commonly associated.
The critical nature of Stadler’s mind is best revealed
by his approach to the nature of induced mutation.
Immediately following the disclosure that x-rays pro-
duced gene mutations it was widely held that induced
mutations were similar to those occurring spontane-
ously and that at last the geneticist had a powerful
technique that would eventually lead to a solution of
the nature of the gene. Stadler was one of the few,
and the foremost among these, who felt that a com-
parative study of spontaneous and induced mutations
was essential in order to evaluate the usefulness of
this new tool in the determination of gene structure.
He therefore began a long and extensive series of ex-
periments in which he compared spontaneous and in-
duced mutation at selected loei in maize. These bril-
liantly planned and executed investigations led him
to conclude that in maize, at least, all x-ray induced
mutations were extragenic in origin and that x-rays
did not produce the kind of germinal changes arising
spontaneously. Some geneticists are loath to believe
that Stadler’s conclusions apply to all forms of or-
ganic life, but no one can question the ineluctable
force of his closely reasoned arguments. In Stadler’s
studies on the mutational process, we have an example
of scientific experimentation at its best. They are
superb in their clarity of conception and design, in
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