development of the fertilized sea urchin
egg. The antiserum to 5-acetyluracil di-
luted 1:10 allowed the embryos to
hatch (blastular stage) before further
development was arrested. These blastu-
las continued movement for 48 hours.
The effects of a 1: 100 dilution of this
antiserum were identical to those seen
with a 1:1000 dilution of the anti-
purinoyl serum. A 1:10 dilution of
antiserum to adenylic acid led to the
formation of abnormal blastulas which
were not viable, whereas a 1: 100 dilu-
tion of the same antiserum allowed
pluteus formation. The effects of anti-
serums to uridylic acid and to nicoti-
namide adenine dinucleotide at 1:10
dilutions were similar to those seen
with a 1:10 dilution of the anti-
serum to adenylic acid.

The antiserums prepared against the
conjugate of polyuridylic acid and bo-
vine serum albumin slowed the de-
velopmental cycle by a time factor of
approximately 2. Eventually the em-
bryos reached the late gastrular prismat-
ic stage, at which time further develop-
ment stopped in spite of continued
viability for 3 days. The relative effec-
tiveness of these antiserums at compar-
able dilutions was not a function of
their content of precipitating antibody
as measured by addition of the homol-
ogous antigens after absorption of an-
tibody to protein. Whether the obser-
vations are related to specificity of
interaction with the DNA of Arbacia
remains to be clarified.

Tyler has reported (7) that the de-
velopment of fertilized sea urchin eggs
is blocked by antibodies to surface con-
stituents, but not by antibodies direct-
ed against internal antigens. The exper-
iments reported here demonstrate that
antiserums to purines and pyrimidines
can affect embryonic development. In
view of the specificity of these serums,
that is, their reactions with thermally
denatured DNA, and the observations
with fluorescein-labeled antibodies, the
most reasonable explanation would be
that antiserums can penetrate the em-
bryo and become fixed within the cell.
The results also provide evidence for
the existence in vivo of DNA mole-
cules that are either totally or partially
single-stranded.

H. S. ROSENKRANZ*
B. F. ERLANGER
S. W. TANENBAUM
S. M. BEISER
Department of Microbiology, College
of Physicians and Surgeons, Columbia
University, New York 10032
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Electrophorus Adenosine Triphosphatase: Sodium-A ctivated
Exchange after N-Ethyl Maleimide Treatment

Abstract. The microsomal fraction from the electric organ of the eel Elec-
trophorus electricus catalyzes the hydrolysis of adenosine triphosphate in the
presence of Mg*, Na*, and K*. The same preparation catalyzes a Mg**-dependent
transphosphorylation between adenosine triphosphate and adenosine diphosphate.
Both of these reactions are inhibited after treatment of the microsomes with
N-ethyl maleimide. However, the addition of Na* reactivates the transphosphoryl-
ation, and the rate becomes more rapid than that of the original. This new Na'-
sensitive exchange reaction is believed to be a component of the hydrolytic reaction.

Several studies have implicated a
specific adenosine triphosphatase in the
cell membrane as a component of “ac-
tive Na* transport” (/). This hydrolytic
enzyme was initially found in the
microsomal fraction of crab nerve (2)
and has since been found in many tis-
sues. It is most active in the tissues of
the nervous system and in tissues con-
cerned with secretory function (3).
This enzyme reaction shares many
features with the process of active so-
dium transport, including a specific re-
quirement for adenosine triphosphate
(ATP), localization at the cell mem-
brane, inhibition by cardiac glycosides,
and a concurrent requirement for Mg*,
Na*, and a second monovalent inor-
ganic cation. The specificity for sodium
appears to be absolute for the activa-
tion of the adenosine triphosphatase
(to be referred to here as Na*-K*-
ATPase).

The microsomes of crab nerve also
catalyze a transphosphorylation of the
terminal phosphate from ATP to ADP
(exchange reaction) (4). From this
association of activities Skou postu-
lates a high-energy phosphorylated in-
termediate of the Na*-K*-ATPase. The

exchange reaction requires Mg*, and
it is slightly inhibited by Na*. The
microsomal fraction from the electric
organ of Electrophorus electricus con-
tains a similar triphosphatase (5) and
also catalyzes an ATP-ADP exchange
reaction which requires only Mg* (6);
Na* and K* have no effect on the ex-
change reaction.

Skou has studied the effects of
sulthydryl inhibitors on this phos-
phatase from ox brain (7). Both p-
chloromercuribenzoate and  N-ethyl
maleimide inhibited the enzyme ac-
tivity. - We have recently studied the
effects of the maleimide on Electro-
phorus microsomes in detail. Although
the triphosphatase and the Mg**-de-
pendent exchange activities are both
inhibited by it, the exchange rate can
be reactivated by the addition of a low
concentration of Na*.

The enzyme was prepared as de-
scribed (6). It was incubated with
10°M N-ethyl maleimide in 0.1M
tris - hydroxymethylaminomethane - HCI
buffer (tris) at pH 8.0 at 0°C for 30
minutes, at which time excess malei-
mide was removed by transferring a
portion into seven volumes of 0.005

283



Table 1. Response of ATP-ADP exchange
activity to NaCl after treatment with N-
ethyl maleimide (NEM). After the prein-
cubation described in the text, the samples
were again incubated for 30 minutes at 26°C
with 0.003M MgCl,; 0.005M tris ATP;
0.0012M tris ADP-C*; 0.04M tris-HCl, pH
7.5; 1.5 ug of microsomal protein in experi-
ment 1 and 2.5 pug in experiment 2; addi-
tional salt was added as indicated; the total
volume was 25 pl. Control refers to enzyme
incubated with H,O in place of N-ethyl
maleimide. Under these conditions of the
maleimide treatment, adenosine triphosphatase
activity is inhibited by about 80 percent.

Exchange rate (% of control)

Additions Expt. Expt. Untreated
1 2 with NEM
None 23 17 100
5 X 10-°M NaCl 26
1 X 10-*M NaCl 28
5 X 10-*M NaCl 60
1 x 10-*M NaCl 126
2 %X 10-*M NaCl 250 312 110
1 X 10-2M NaCl 800 88
5 X 10-*M NaCl 500 98
1 X 10-'M NacCl 450
5 % 10-*M LiCl 20
5 % 10-*M KCl 18

percent [(-mercaptoethanol in 0.05M
tris at pH 7.5. From this solution,
portions were transferred to tubes con-
taining substrates for the exchange
reaction. The separation of the radio-
active nucleotides was accomplished
by a thin-layer chromatographic
method.

The calculation of exchange rate
(Table 1) is based on the percent of
total radioactivity in ATP; a series
of control enzyme dilutions was run
with each experiment to obtain a
standard curve, upon which the ex-
change rate was plotted. In the con-
trol experiments, equilibration oc-
curred to an extent of 18 to 22 percent
of the total radioactivity in ATP, cor-
responding to an exchange rate of ap-

proximately 228 mpumole of phos- -

phorus per minute per milligram of
protein (8).

Treating the particles with N-ethyl
maleimide inhibits the Mg**-dependent
exchange activity about 80 percent
(Table 1). The original rate of ex-
change, however, can be restored by
less than 10™M NaCl; in contrast, the
reaction catalyzed by untreated parti-
cles is insensitive to Na*. With increas-
ing concentrations of NaCl, the rate
of the exchange reaction becomes
several fold greater than that of the
original Na*-insensitive exchange. This
suggests that Na* is not merely re-
activating the original Mg**-dependent
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exchange. Since the marked response
to Na* is specific (Li* and K* are in-
effective, Table 1), it is reasonable to
consider that this Na*-sensitive ex-
change may be a component of the
Electrophorus Na*K'-ATPase. The
ATP-ADP transphosphorylation im-
plies the occurrence of a high-energy
phosphorylated intermediate in the
adenosine triphosphatase reaction (pre-
sumably enzyme-bound), and the pres-
ent experiments indicate that the role
of sodium ions in both reactions may
involve a transfer of high-energy phos-
phate. Since the Na'-sensitive exchange
is not evident until after the enzyme
reacts with N-ethyl maleimide, some
change in enzyme configuration may
be induced by this reagent.

Longer treatment of the microsomes
with the maleimide inactivates the
adenosine triphosphatase more com-
pletely, but it also begins to inhibit the
Na*-activated exchange rate. There is
no significant incorporation of radio-
activity from ADP into AMP with
control enzyme or maleimide-treated
enzyme. The enzyme preparation had
previously been found to be virtually

Root Pressure in Conifers

free of adenylate kinase activity (6).
It should be emphasized that the
evidence for the identification of this
exchange reaction as a component of
the hydrolytic reaction remains purely
circumstantial.
STANLEY FAHN
R. WAYNE ALBERS
GEoORGE J. KovAL
Laboratory of Neurochemistry,
National Institute of Neurological
Diseases and Blindness,
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Abstract. Exudation of sap was never observed to occur from stumps of de-
topped seedlings of loblolly pine or white spruce, but measurable exudation
occurred from apical root segments, 4 to 8 centimeters long, which were removed
from the root systems and observed individually. Fully suberized root segments
of loblolly pine exuded as much or more sap than unsuberized roots. Exudation
also occurred from detached sugar maple root segments, but not from stumps

attached to entire root systems.

Exudation rarely is observed from
stumps of coniferous seedlings or large
trees, and it generally is assumed that
conifers do not develop root pressure.
However, there are enough reports of
exudation from conifer roots to indicate
that root pressure sometimes is de-
veloped. Eaton (/) raised Thuja orien-
talis and Cedrus deodara in solutions
containing high concentrations of salt
and, by replacing the salt solution with
tap water at the time the tops were re-
moved, he was able to produce exuda-
tion. Daniel (2) obtained barely mea-
surable volumes of exudate from a sin-
gle seedling of Pinus ponderosa and
from two seedlings of Pinus radiata.
Pitra (3) observed exudation from
stumps of plants of Thuja occidentalis,
Cupressus horizontalis, Cupressus fune-
bris, and Pinus insignis, but he detect-

ed no root pressure exudation in Juni-
perus ericoides, Taxus baccata, or Picea
alba. Under field conditions exudate has
been collected from detached roots of
pine (4, 5), spruce (5, 6), and larch
(6).

Our observations on seedlings of
loblolly pine (Pinus taeda L.) and white
spruce [Picea glauca (Moench) Voss]
provide new information. The seed-
lings were grown for several months in
a greenhouse in aerated, nutrient solu-
tion (7) before the experiments were
started. Observations were made in the
spring, with a root temperature of ap-
proximately 24°C. No exudation ever
occurred from stumps of detopped seed-
lings. Likewise, no exudation was ever
observed from stumps of detopped
seedlings which had been grown in sand
or in soil.
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