cate a greater mixture of absorbing components in
the aged material. In mastie, the methyl band at 1375
em™ is less intense than the methylene band at 1450;
in the aged resin the intensities were reversed. This
finding may be explained in two ways. If the intensity
of absorption per methyl or methylene group re-
mained constant, then there may have been an increase
in the relative number of methyl groups (as by chain
termination) or a decrease in the relative number of
methylene groups (as by oxidation). Alternatively,
the intensity per group might alter, implying a change
in molecular environment in the immediate vicinity.
No matter which effect may be at work, a chemical
change is reflected. However, because carbonyl and
carboxyl groups are present in relatively large
amounts in the initial resins, marked change and ready
analysis are not immediately forthcoming. Consider-
ing the relatively slight change in spectra after severe
deterioration, the consistency in the speetra of very
old samples and “poor” grades is not surprising.

Infrared analysis is known not to be sensitive in the
analysis of trace materials and is not particularly
adapted to the study of extensive mixtures. In the
examination of materials used in the fine arts, these
factors will limit the effectiveness of the method. The
great similarity of the spectra of dammar and mas-
tie, an important pair, draws special attention to the
problem.
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Antiperoxidative Action of the Cobaltous
Ion and Its Consequences
for Plant Growth

A. W. Galston and S. M. Siegel

Kerckhoff Laboratories of Biology,
California Institute of Technology, Pasadena

The cobaltous ion is known to cause dramatic in-
creases in the rate of growth of several plant tissues
that have in common a marked sensitivity to red light
(1, 2). Co*+ is also known to protect brain tissue
against damage caused by high levels of oxygen (3)
and mice against x-irradiation damage (£). The two
injurious effects on animals are believed to involve the
formation of free radicals and peroxides (5), Cot*

-apparently affording protection by negating the ef-
fects of these substances. We believe that the action
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of Co** on plant growth is explicable in similar terms.

‘We have previously shown (6) that Mn** increases
the apparent rate of peroxide genesis in etiolated pea
tissues, leading to increased peroxidative destruction
of the plant growth hormone indoleacetic acid (IAA)
by the TAA-oxidase system (7), and thus to a de-
creased growth rate. The Co** ion, however, works in
the reverse direction, decreasing peroxigenesis, thus
sparing TAA and increasing growth.

The root systems of 3-day-old Alaska pea seedlings
were utilized in these experiments (8), and peroxide
genesis was measured by two independent methods.
The former is based on the peroxidative conversion
of pyrogallol to purpurogallin (6), and the latter is
based on the peroxidative destruction of IAA (7).
Since both tests are performed in the absence of exo-
genous H,0,, the amount of endogenously produced
peroxide can be deduced from the amount of peroxi-
dation accomplished.

The data of Fig. 1 show that 10-*M Co*+ (supplied
as CoCl, - 6H,0) decreases the rate of TAA destruec-
tion by about 20 percent, while 3 x 10-5M Mn*+ (also
supplied as the chloride) increases TAA destruction
by about the same percentage. Similar data may be
obtained with pyrogallol as the substrate and have
been interpreted as meaning that Mn** raises and
Cot+ depresses the effective peroxide level of the cell.

The toxic effect of 100-percent oxygen and its nega-
tion by Co** may also be shown with pea roots. Ex-
cised roots were incubated either in 2x10-*M TAA
buffered at pH 6.1 or in 0.005M pyrogallol buffered
at pH 4.5. With each substrate, various Co** and
Mn++ concentrations were introduced. The vessels were
shaken at 30°C in a stream of pure oxygen. The data,
shown in Table 1, demonstrate clearly that Mn*+ en-
hances and Co** depresses peroxigenesis, as measured
by the oxidation of either substrate.

Control roots that had been exposed to pure oxygen
for 5 hr were greatly injured, as was shown by their
failure to float on the medium, their yellow color, their
extreme transparency, their jellylike consistency (Fig.
2), and the extreme turbidity of the medium. The de-
velopment of these symptoms of injury was almost
completely prevented by the inclusion in the medium
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Fig. 1. Effect of the Mn** and Co** ions on peroxide
genesis in pea tissues, as measured by the rate of oxida-
tion of indoleacetic acid.
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Table 1. Effect of Co** and Mn** on peroxide genesis
in pea root tissues incubated in 100-percent oxygen, as
measured by purpurogallin formation and TAA oxidation.

Pyrogallol TAA oxidized
. oxidized per per 100 mg
Medium 100 mg fresh fresh wt.
wt.in 5 hr in 5 hr
Co**  Mn** ) Rela- Rela-
M) (M) M e wMo hive
0 0 0.860 100 0.133 100
0 10 1.270 148 185 139
0 10 1.000 116 144 108
0 10+ 1.020 117 .139 105
10-° 0 0.750 87 115 86
10 0 .612 71 .097 73
10 0 500 58 .060 45

Y

[lm]mlllmqng ”*'r'*g

Fig. 2. Damage to excised pea roots by 100-percent oxy-
gen and its prevention by 10°M CoCl,. Translucency indi-
cates damaged condition. Left, air, no cobalt; middle,
pure oxygen, no cobalt; right, pure oxygen, 10°M CoCl,.

of 10-*M Co*, a concentration that reduces peroxi-
genesis to about half the control rate (Table 1).

The multiple effectiveness of Co* in reducing ap-
parent peroxigenesis, curtailing TAA destruction, pre-
venting oxygen damage, and preventing x-irradiation
damage suggests that these phenomena are related,
and that decreased peroxide levels can account for the
prevention of injury. The fact that Co*+ similarly
mimies the effect of red light in promoting the growth
of certain plant cells (1) suggests further that the
morphogenetic action of such red light is somehow
associated with peroxide metabolism, perhaps through
the TAA-oxidase system. The exact mechanism of aec-
tion of the cobaltous ion, as yet unelucidated, may in-
volve either a depression of the rate of peroxide gene-
sis in the cell or a decomposition of peroxides as they
are formed and before they are utilized in peroxida-
tive reactions. Such Co**-initiated chain decomposi-
tions of hydroperoxides are well known (9).
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Serial Sections for Electron Microscopy

Helen Gay* and Thomas F. Anderson

Department of Zoology and Jobnson Foundation,
University of Pennsylvania, Philadelphia

New microtomes (1, 2) enable the operator to cut
sections for electron mieroscopy only a few hundred
angstroms thick, permitting lateral resolution of the
order of 40 A or better. It is difficult to infer from
single ultrathin sections, however, the three-dimen-
sional structure of the cell or its organelles. To recon-
struct unknown ecellular structures in three dimen-
sions, it seems essential to obtain and examine serial
sections. All the microtomes in current use produce
ribbons of sections, which float from the knife edge
onto the surface of a liquid in a collecting trough.
The problem is to pick up the ribbons and align
them on the electron-microseope grid so that the ma-
terial to be studied is not obstructed by the bars.

This report (3) desecribes methods for picking up
ribbons of serial sections with a Formvar-coated wire
loop, and then placing them over the slits in
Sjostrand-type specimen holders (obtained from
Smethurst, High-Light, Ltd., Sideot, Lanecs., Eng-
land). By this procedure any desired number of serial
sections can be collected routinely and examined in
the electron microscope. The electron micrographs in
Fig. 1, representing 18 serial sections through the
endoplasmic reticulum of the eytoplasm of a salivary-
gland cell from the larva of Drosophila melanogaster,
were made by this method, which is deseribed here.

The tissue is fixed in 1-percent buffered osmium
tetroxide and imbedded in n-butyl methaerylate (4).
The methacrylate block is trimmed (1) under the dis-
secting microscope as close as possible to the desired
cells, to leave a surface rectangle about 0.3 by 0.08
mm. This block is oriented in the microtome with its
long dimension parallel to the knife edge, and when
sectioning is begun a straight ribbon is usually ob-
tained.

After 15 to 25 sections have been cut, the ribbon has
to be detached from the knife edge. This is facilitated
by the use of a trough (Fig. 2) in which the liquid
level can be controlled by manipulation of a hypo-
dermic syringe connected by a plastic tube to an open-
ing in the base of the trough. The level of the liquid
is raised above the knife edge to form a well-rounded
meniscus, and the ribbon is detached with a fine hair.
The ribbon of sections is then floated from the shallow
liquid near the knife edge to a deeper part of the
trough. It is removed from the liquid in the follow-
ing way.
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