Table 1. Properties of triosephosphate dehydrogenase from Chromatium. Purified enzyme was
oxidized or reduced as described in text. The K, is an average based on ﬁye independent
experiments. DiPGA is used as an abbreviation for 1,3-diphosphoglyceric acid.

s K, Moles
ource —SH
of _ group per
enzyme DiPGA NAD G-3-P NADH mole enzyme
Untreated COz* 3 X 10-® 5 x 10 1.7 X 10+ 3.0 X 10-° 4.2
Oxidized COz 9 X 10 6.5 X 10-° 5.0 X 10 4.0 X 10-¢ 2.4
Untreated malf 1x 102 2.4
Reduced mal 4.0 X 10 33

* COz refers to cells that were grown photolithotrophically.

photoorganotrophically.

per protein molecule was measured by
the nitroprusside reaction (7) in both
treated and untreated TPD’s from both
sources of cells (Table 1). The un-
treated enzyme from cells grown on
CO, contained 4.2 reactive —SH
groups per molecule, and the untreated
enzyme from cells grown on malate
contained 2.4 —SH groups per protein
molecule—with the assumption of 100
percent purity of the preparations.
Oxidation of the former, which in-
creased the K,, threefold, also reduced
the number of reactive —SH groups
to 2.4. Conversely, reduction of the
latter enzyme, which reduced the K,,,
raised the number of reactive —SH
groups to 3.3. All changes in K,, and
in reactive —SH content were revers-
ible.

These results indicate that Chrom-
atium many contain a single NAD-
dependent TPD, the physical and
chemical properties of which are con-
trolled by the chemical environment
of the cells. Whereas, in higher plants,
the NAD-dependent TPD probably
functions primarily in the direction of
glycolysis and the NADP-dependent
TPD functions primarily in the photo-
synthetic Calvin cycle, the NAD-de-
pendent TPD of Chromatium functions
in the synthetic direction during both
lithotrophic and organotrophic growth
conditions. During photolithotrophic
growth, TPD must support synthesis
of C; compounds and support the
function of a Calvin cycle (5). Organo-
trophic growth results in a tenfold re-
duction of Calvin-cycle activity (5)
and, under such conditions, TPD activ-
ity would be necessary only for the
production of compounds for carbon
storage and for glycolysis. In an organ-
ism with small intracellular pools of
both 1,3-diphosphoglyceric acid and
G-3-P (5), and a high content of
TPD with a relatively low affinity for
these substrates, a small change in K,
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1 Mal refers to cells that were grown

could easily control the rate of the
TPD reaction. Such a control mechan-
ism might be based on direct, environ-
mentally caused, changes in the ter-
tiary structure of the protein molecule.
These results are interesting in view
of the results of Horecker and
Cremona (8) who found that two
—SH groups might play a role in the
regulation of activity of fructose 1,6-
diphosphate aldolase and in view of
the work of several authors demon-
strating the reversible loss of antibody
activity produced by reduction of S—S
linkages (9).

Regulation of TPD activity in
Chromatium by such a mechanism
would provide control of a key reduc-
tive reaction in photosynthesis and
would be rapid in both directions since
the de novo synthesis of a protein is
not required.
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Science

Protein Synthesis in Enucleated
Eggs of Rana pipiens

Abstract. Tritiated leucine of high
specific activity was injected into enu-
cleated Rana pipiens eggs. After 6
hours, there was significant incorpo-
ration of the label into protein. The
amount of incorporation in these eggs
was as great as that in fertilized, nor-
mally developing eggs.

Many kinds of experiments have
shown that early development in the
amphibian egg can occur in the ab-
sence of obvious nuclear control. For
example, partially cleaved blastulae
have been obtained by fertilizing frogs’
eggs with heavily irradiated sperm and
then mechanically removing the egg
nucleus (/). Likewise, development to
the blastula or gastrula stage occurs in
the presence of lethal hybrid nuclei
(2), and in the presence of nuclei with
very abnormal chromosomal comple-
ments (3). However, neither the na-
ture of the synthetic processes occur-
ring during early development nor the
importance of nuclear participation in
the control of these processes is clearly
understood.

Early investigations had suggested
that very little, if any, net RNA, DNA,
or protein synthesis occurs before gas-
trulation (4), but recent reports have
indicated that RNA synthesis (5, 6),
and possibly protein synthesis (5, 7),
does take place during cleavage stages.

Tiedemann and Tiedemann (8)
have presented evidence for protein
synthesis in anucleate halves of li-
gated Triton eggs, indicating that pro-
tein synthesis can occur in the ab-
sence of a nucleus. Further evidence
for the nonparticipation of DNA in
the control of early synthesis was re-
ported by Brachet et al. (7) who
showed that inhibition by actinomycin
D of DNA-directed RNA synthesis
had little effect on cleavage even when
the antibiotic was injected directly in-
to fertilized eggs. On the other hand,
injection of puromycin, an inhibitor of
protein synthesis, effectively stopped
cleavage shortly after treatment. These
results, although somewhat indirect,
suggest that protein synthesis which
does occur during early development
is not necessarily subject to direct nu-
clear control. The following experi-
ments provide direct evidence for the
synthesis of protein in enucleated eggs
of the leopard frog, Rana pipiens.

Ovulation was induced in mature
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Rana pipiens females by the injection
of anterior pituitary suspensions. Eggs
from an ovulated female were stripped
into clean watch glasses and were
either fertilized, activated, or enu-
cleated. Eggs were artificially activated
by pricking them with a clean glass
needle. Activated eggs were enucleated
by flicking the chromatin out of the
egg (9). Fertilized eggs from each
frog were allowed to develop to stage
25 of Shumway (/0) in order to as-
certain the percentage that exhibited
normal development. This percentage
did not differ significantly among
eggs from the various frogs, and, on
an average, normal development was
observed in 96 percent of the eggs.
The enucleation procedure was con-
trolled by enucleating a number of
eggs shortly after fertilization. When
the operation is successful, the enu-
cleated eggs develop as androgenetic
haploids. A total of 147 control eggs
were fertilized and then enucleated.
All developed as haploids.

After fertilization, activation, or enu-
cleation, the jelly was removed from

the eggs manually; the eggs were
rinsed several times in sterile 10 per-
cent Steinberg’s solution (/1) and

transferred to the operating dish which
contained sterile full-strength Stein-
berg’s solution. Tritiated leucine [1.0
mc/ml; 4 ¢/mmole (12)], was injected
with a Leitz micromanipulator directly
into each test egg with a micropipette
calibrated to deliver 7.1 = 0.4 mpl
of the solution. The eggs were injected
at 18°C within a period of 35 to 100
minutes after activation or fertiliza-
tion.

After injection, the eggs were trans-
ferred in groups of five or ten to
small Stender dishes that contained
sterile Steinberg’s solution (10 percent)
where they remained at 18°C for 6
hours. The fertilized eggs developed
normally to the stage of 8 to 16 cells
during this time. In the case of acti-
vated eggs no development occurred,
although abortive cleavage divisions
were occasionally observed.

Controls were prepared by injection
into unactivated eggs of the same
amounts of tritiated leucine used in
the experimental groups, and then the
eggs were immediately homogenized.

Groups of eggs were homogenized
in 5 ml of 0.15M NaCl by repeated
passage through a Pasteur pipette. Ho-
mogenates were extracted in the saline
solution overnight at 4°C and centri-
fuged in the cold at 12,000 g for 10
minutes. The saline extract was sepa-
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Table 1. Incorporation of tritiated leucine
in Rana pipiens eggs.

Radib-

No. Eggs injected activity
eggs per
per cgg
group Type (’&cga)l (count/
: min)
Experiment 1%
5 Fertilized 25 58
5 Enucleated 35 54
5 Activated 35 54
Experiment 27
5 Fertilized 30 43
5 Enucleated 30 64
5 Activated 20 85
Experiment 3%
10 Fertilized 40 151
10 Enucleated 70 141
10 Activated 30 178

* 1.0 ml of hyamine, 10 ml of scintillation fluid.
7 0.5 ml of hyamine, 10 ml of scintillation fluid.
0.5 ml of hyamine, 20 ml of scintillation fluid.

rated, made 0.5M in perchloric acid,
and heated in a water bath at 60°C
for 30 minutes. The material pre-
cipitated by perchloric acid was re-
moved by low-speed centrifugation,
washed in 0.5M perchloric acid and
dissolved in hydroxide of hyamine
(I3) at 60°C (3 to 5 minutes). The
hyamine solutions were quantitatively
transferred to scintillation vials with
the xylene-dioxane-cellosolve scintilla-
tion fluid of Bruno and Christian (/4).
The volumes of hyamine and scintilla-
tion fluid were varied. Tritium was
counted in a Tri-Carb liquid scintilla-
tion spectrometer (/3). Activity in
the control groups of eggs, which had
been homogenized immediately after
injection, was slightly higher than in-
strument background. Counts in these
controls were subtracted, as back-
ground, from the counts obtained in
the experimental groups.

Protein in the extracts from the
groups of eggs was determined (I5),
with crystalline bovine serum albumin
as the protein standard. The un-
activated egg contains about 90 ug of
saline-soluble protein (approximately
13 percent of the total protein). Six
hours after activation, enucleation, or
fertilization there was no measurable
change in the amount of protein ex-
tractable in saline.

The results (Table 1) from 315
treated eggs showed that incorporation
of isotope occurred not only in ferti-
lized eggs but also in activated and in
enucleated eggs, and to about the
same extent in each. Corollary experi-
ments confirmed that the incorpora-
tion of isotope is a true indication
of net protein synthesis: (i) When

puromycin was injected into eggs (fer-
tilized, activated, or enucleated), and
then isotope was injected, incorpora-
tion was greatly diminished (/6). (ii)
When injection of the isotope was fol-
lowed, after 90 minutes, by injection
of an excess of unlabeled leucine, all
the label incorporated in the first 90
minutes remained in the fraction pre-
cipitated by hot perchloric acid (17).

After enucleation, an exovate con-
taining the egg chromatin and spindle
apparatus formed on the outer sur-
face of the vitelline membrane. Al-
though this exovate was completely de-
tached from the egg surface, several
groups of eggs were divested of their
vitelline membranes before homogeni-
zation in order to determine whether
the presence of the extracellular nu-
cleus would alter the results. There
was no significant difference in detect-
able counts when the vitelline mem-
brane and attached exovate were re-
moved.

The observation that activated and,
particularly, enucleated R. pipiens eggs
can synthesize as much protein as
their fertilized counterparts do sug-
gests first that fertilization and subse-
quent cleavage divisions are not pre-
requisites for continued protein syn-
thesis. Moreover, the results obtained
from enucleated eggs indicate that pro-
tein synthesis can take place in the
absence of continuous nuclear control,
and thus would not be due to the con-
tinued production or release of new
“messenger RNA” by the nucleus.
This does not eliminate, however, the
possibility of direct nuclear participa-
tion within a restricted period of time.
Removal of the egg nucleus cannot be
accomplished until 10 to 15 minutes
after activation, and the possibility ex-
ists that the nucleus, during this time,
might very well activate, or control in
some way, the whole complex of events
which occur during the succeeding
hours.

Denny and Tyler (/8) and Brachet
et al. (19) have shown that protein
synthesis can take place in artificially
activated, enucleate fragments of sea-
urchin eggs. These results also show
that continuous control by the nucleus
is not a prerequisite for all protein
synthesis. Among possibilities consider-
ed to explain these findings are: (i)
the transcription of extranuclear DNA
to create conventional “messenger
RNA” for translation into protein.
(ii) the existence in the egg cytoplasm
of “stable messenger RNA,” which is
translated into protein without the par-
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ticipation of an RNA-synthesizing sys-
tem. The latter alternative seems most
likely in sea urchins, (20) but whether
either of these mechanisms is opera-
tive in amphibians is not yet known.

The existence of extranuclear DNA
in amphibian eggs has been suggested
(4, 21). But the synthesis of “DNA-
like RNA” does not appear to begin
until relatively late in cleavage (6),
although other classes' of RNA may
be synthesized shortly after fertiliza-
tion (5). While there has been no
clear-cut demonstration of the exist-
ence of ‘“stable messenger” in amphi-
bians, results with actinomycin D as
an inhibitor of DNA-directed RNA
synthesis have strongly suggested that
early protein synthesis can occur with-
out the synthesis of RNA (7).

Thus, it seems that protein synthesis
can occur in the amphibian egg in the
absence of continuous nuclear influ-
ence. Whether the same proteins are
being synthesized in the nucleate and
anucleate eggs is not yet known, and
the nature of the factors controlling
this early protein synthesis remains
unclear.

L. DENNIS SMITH
R. E. EckEr
Biological and Medical Research
Division, Argonne National
Laboratory, Argonne, Illinois 60440
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Brain Transplantation: Prolonged Survival of .

Brain after Carotid-Jugular Interposition

Abstract. Six isolated canine brains were successfully transplanted for 6 hours
to 2 days to the cervical vasculature of dogs. Viability was shown by electro-
cortical activity and significant uptakes of oxygen and glucose, with production
of carbon dioxide. Cerebral blood flows, temperatures, and pressures of the cere-
bral homograft were continuously monitored by way of an implantable recording

module.

To extend significantly the viable
longevity and improve the biological
performance of the isolated brain, per-
manent vascular implantation in a suit-
able recipient would be required.
Whereas Demikhov (1) has demon-
strated the feasibility of transplantation
of the upper portion of the canine body,
including the head, and Guthrie (2)
has successfully revascularized canine
heads for short periods, the more diffi-
cult surgical maneuver of transplanting
the brain as an isolated organ has not
been accomplished. The solution to
the inherent biological difficulties of
neurogenically and vascularly isolating
the brain, upon which cerebral trans-
plantation would depend, has recently
been described (3). The theoretical
possibilities and implications of transfer
of cerebral tissue have also been re-
viewed recently (4).

We now describe our experience

with transplantation of the isolated
canine brain into a recipient dog; we
utilized the circulatory environment of
the neck. To provide for measuring
function during transplantation a sur-
vey system has been implanted along
with the isolated brain to permit
continuous monitoring of the electro-
cortical activity, cerebral blood flow,
temperature, and discontinuous meas-
urement of arterial-venous oxygen
A-Vo, and venous-arterial carbon di-
oxide V-Aco, and glucose consumption
of the isolated brain.

With the dog under sodium pento-
barbital anesthesia, the brain was
surgically isolated within the skull by
meticulous removal of all contiguous
tissues. By preserving the integrity of
the cranium, support and protection are
afforded the brain and its enveloping
membranes (5). To insure absolute
hemostasis during the prolonged period

EEG electrodes & leads (recipient)

W

Isolated brain

(Average weight of brain 75gms)
Surgical neck pouch

Observation craniectomy

Arterial anastomosis cannula

Arterial sample & pressure catheter

Fig. 1.

EEG electrodes & leads
. Temperature probe

I‘Torcula cannula

Venous sample 8 pressure
ca heter

Flow meter probe lead

Flow meter probe on recipient carotid

Isolated brain in position between the carotid artery and jugular vein of the

recipient. A small polyethylene tube is connected to the metal side arm of the torcula
cannula and provides a means of sampling venous blood from the brain and a means
of measuring venous pressure in brain. A similar sampling catheter is connected to the
side arm of the arterial cannula. Together with the connections to a 3-mm implantable
electromagnetic flow meter probe placed around the recipient carotid artery supplying
the brain transplant, the torcular and carotid sampling catheters are brought outside
the skin through a small surgical incision. Similarly, the EEG leads and thermoprobe

connections are led to the exterior.
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