
crude venom were studied by disc elec- 
trophoresis (11). All fractions and the 
crude venom were assayed for lethal 
activity in mice and active fractions 
were further studied in certain biologi- 
cal assays (12, 13). 

The lyophilized venom contained, 
per 100 mg, 51.4 mg of protein (small- 
er lots contained 43.5 to 52.6 percent 
protein); 2.2 mg of nonprotein nitro- 
gen; 7.2 mg of total nitrogen; and 1.5 
mg of carbohydrate. Sodium was less 
than 1 meq per gram of venom; potas- 
sium, 2.7 meq per gram; and calcium, 
0.2 mg per gram. The venom had no 
proteolytic, amylase, phosphodiesterase, 
or L-amino acid oxidase activity; 100 

mg of venom in 30 minutes (0.182 
,tmole per milligram per minute) hy- 
drolyzed 547 trmole of acetylcholine. 

On the paper chromatogram, a 
fluorescent spot with an RF value of 
0.575 and a positive Ehrlich reaction 
was observed. Serotonin showed fluor- 
escence under the same conditions and 
had an RF value of 0.585. Compari- 
son of the intensity of the Ehrlich re- 
actions indicated la serotonin concen- 
tration in the venom of approximately 
4.0 a/g/mg. 

The elution pattern for one sample 
is shown in Fig. 1. The lethal activity 
of the venom was associated with peak 
2 in all samples. This lethal compo- 
nent of the venom appeared to be rela- 

tively unstable. It was almost com- 

pletely destroyed on lyophilization and 
lost its lethal effect when it was kept 
at room temperature. However, stor- 
age in solution at -60?C did not alter 
the lethal effect over a 3-month test 

period. It can be concentrated in a 

dialysis bag subjected to a draught of 
air at 5?C. 

A second toxic group of fractions 
was associated with peak 4. Mice re- 
ceiving injections from samples taken 
from this peak became ill when given 
doses equivalent to the lethal dose of 
peak 2, but recovered within 1 to 3 
hours. 

Disc-electrophoresis patterns of 25 
individual and pooled lots of crude 
venom showed some variation. Sam- 
ples from individual specimens within 
a given geographic area varied as great- 
ly in their electrophoretic pattern as 
samples from area to area. From 13 to 
15 bands were observed in the gels. 

The intravenous LD,o (lethal dose, 
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of the venom slowly changed. In 1 year, 
the LDo5 of one sample fell from less 
than 5.0 mg to approximately 20 mg 
per kilogram of body weight of the 
test animal. In a mammalian phrenic 
nerve-diaphragm preparation the crude 
venom did not provoke any significant 
deleterious effect, and none of the 
fractions separated on Sephadex or 
by disc electrophoresis impaired neu- 
romuscular transmission. The crude 
venom had a negligible effect on prep- 
arations of deep extensor muscles (me- 
dial) of the abdomen of the crayfish. 
Compared to venom from the scorpion 
Centruroides sculpturatus, approximate- 
ly 100 times as much was needed to 
produce a complete neuromuscular 
block in the same length of time. 
Neither the crude venom nor its frac- 
tions had a significant effect on reflex 
discharge or on antidromic inhibition 
in the cat. 

When the crude venom was injected 
into cats, it caused an immediate pre- 
cipitous fall of approximately 30 per- 
cent in the systemic arterial pressure. 
This fall was followed by a rise, so that 
within 2 minutes of the injection the 
arterial pressure was 10 to 30 percent 
higher than the initial pressure. This 
elevated arterial pressure persisted, or 
in some cases increased, during the 
first several hours after the injection. 
The specific mode(s) of action for the 
cardiovascular changes have not yet 
been determined. The samples asso- 
ciated with peak 2 appeared to pro- 
duce a similar response on a survey 
preparation of the mammalian cardio- 
vascular system (13). However, since 
the quantity of each fraction was very 
small, a limited number of experiments 
were completed. 
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Collagen Synthesis by Cells 

Synchronously Replicating DNA 

Abstract. Replication and the per- 
formance of a differentiated function 
have been considered antagonistic proc- 
esses. When cells in culture are par- 
tially synchronized with 5-fluoro-2'- 
deoxyuridine (FUdR), the synthesis of 
the specialized protein (collagen) is not 
reduced during chromosomal replica- 
tion (S period). Collagen synthesis 
varies with general protein synthesis 
through the S period. 

The idea that the production of a 
specialized protein was precluded in 
proliferating cells (1) was supported by 
the work of Holtzer, Marshall, and 
Fink and by Stockdale and Holtzer 
(2). These authors showed that divid- 
ing muscle cells did not bind fluorescent 
antibody to myosin, and that cells bind- 
ing fluorescent antibody to myosin 
were not dividing. There are many 
examples, however, showing that the 
processes of differentiation and pro- 
liferation are not mutually exclusive. 
Wessels (3) found cells in the develop- 
ing pancreas with mitotic figures and 
small amounts of zymogen. Makela 
and Nossal (4) demonstrated that anti- 
body synthesis was occurring in plas- 
ma cells before division had ceased. 
Alpha and beta crystallins were found 
in proliferating epithelial cells of the 
developing lens, although mature fibers 
were not seen until DNA synthesis had 
ceased (5). 

Tissue culture has been a way of 
determining whether anything specific 
in cellular division precludes maximum 
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ma cells before division had ceased. 
Alpha and beta crystallins were found 
in proliferating epithelial cells of the 
developing lens, although mature fibers 
were not seen until DNA synthesis had 
ceased (5). 

Tissue culture has been a way of 
determining whether anything specific 
in cellular division precludes maximum 
expression of specialized function. 
Goldberg, Green, and Todaro (6) re- 
ported an aneuploid mouse line (3T6) 
producing about 16 m/umole of hy- 
droxyproline in protein per 107 cells 
per day. Because hydroxyproline is 
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found almost exclusively in collagen, 
the term hydroxyproline-containing 
protein is assumed to be synonymous 
with the term collagen, as shown for 
3T6 cells by Goldberg and Green (7). 
In addition to this aneuploid line from 
mouse embryo (8), a diploid line of 
cells established in this laboratory from 
rat aorta (PR105) synthesizes up to 
10 percent of total protein as hydroxy- 
proline-containing protein, and pro- 
duces fibers with the characteristic ul- 
trastructural periodicity of collagen. 
Many human diploid fibroblasts pro- 
duce smaller amounts of collagen in 
culture. When radioactive proline is 
used as the precursor of proline in 
protein, and as the precursor of pro- 
line and hydroxyproline in collagen 
(9), it is possible to obtain simulta- 
neously a measure of the rate of gen- 
eral protein synthesis and of the rate 
of collagen synthesis. Furthermore, the 
use of 5-fluoro-2'deoxyuridine (FUdR) 
to obtain synchronously dividing cell 
populations (10) permitted further 
study of proliferation versus differen- 
tiation. We now report simultaneous 
measurement of the rates of general 
protein and collagen synthesis through- 
out the burst of DNA replication after 
release by thymidine of FUdR block. 
These measurements were made to de- 
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Fig. 1. DNA, protein, and collagen syn- 
thesis in partly synchronized 3T6 aneu- 
ploid mouse line. The cells were incubated 
for 1 hour with tritiated proline to deter- 
mine protein and collagen synthesis; FudR 
block was released by thymidine at time 0. 
Each point on the graph represents one 
plate. In six similar experiments, collagen 
synthesis continued through the period of 
DNA synthesis and changed with general 
protein synthesis. 
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termine whether cells synthesize a spe- 
cialized protein while replicating DNA 
and if they do, whether they synthesize 
that protein at a rate comparable with 
the rate in nonreplicating cells. The 
diploid and aneuploid cells studied do 
continue to synthesize collagen through 
the S phase (period of chromosomal 
replication), and, more interestingly, 
synthesize collagen at rates which fluc- 
tuate with the fluctuations in general 
protein synthesis. 

Aneuploid mouse cells (3T6) and 
diploid rat cells (PR105) were grown 
as monolayers in plastic culture dishes 
(60 by 15 mm) with 4 ml of Dulbecco 
and Vogt's medium (11), supplemented 
with 10 percent bovine calf serum and 
125 /M sodium ascorbate, equilibrat- 
ed with 10 percent CO, in a humidi- 
fied desiccator and incubated at 37?C. 
Diploid fetal human cells (PR100) were 
grown in medium F10 (12) supplement- 
ed with 15 percent fetal bovine serum 
and sodium ascorbate, and equilibrated 
with 5 percent CO,. The cells were 
partially synchronized by exposure to 
4 X 10-7M FUdR for 16 hours, and 
the synchronization was reversed with 
6 X 10-tM thymidine as described 
(13). A maximum of 90 percent of 
the cells begin synthesis of DNA with- 
in 10 minutes after reversal of the 
block. Cell division occurs 8 to 10 
hours later. Synthesis of DNA was 
measured as incorporation of tritiated 
thymidine (1 ,uc/ml, 0.36 c/mmole, 
Schwarz BioResearch) into acid-pre- 
cipitable material after 15 minutes. In- 
corporation before reversal of the block 
was not measured because the radio- 
active thymidine would have reversed 
the block, although Reiter and Little- 
field (14) using radioactive hypoxan- 
thine, as a precursor of DNA, have 
shown synthesis of DNA to be absent 
at the time of relief of FUdR block 
in L cells. To measure collagen and 
protein synthesis the medium was re- 
placed with serum-free medium con- 
taining tritiated L-proline (1 /c/ml, 
292 mc/mmole, Nuclear Chicago) and 
250 /jM sodium ascorbate. After 1 or 
2 hours, the protein of medium and 
cell layer was precipitated with four 
volumes of cold absolute ethanol and 
kept at least 3 hours at 4?C (15). 
The precipitate was washed three 
times with cold 0.01M L-proline in 
absolute ethanol, and then dried, hy- 
drolyzed in 6N HC1 at 105?C for 
15 hours, and finally it was assayed 
for total radioactivity and radioactive 
hydroxyproline (16). Samples were 
counted in a Packard 3000 Series Tri- 
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Fig. 2. DNA, protein, and collagen syn- 
thesis in partly synchronized PR105 dip- 
loid rat cells. The cells were exposed to 
tritiated proline for 2 hours to determine 
protein and collagen synthesis. A single 
plate was incubated every half hour. The 
approximation of adjacent points is a mea- 
sure of the variability of the method. 
FUdR block was released by thymidine at 
time 0. 
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Fig. 3. DNA, protein, and collagen syn- 
thesis in partly synchronized diploid fetal 
human cells (PR100). The cells were in- 
cubated for 2 hours with tritiated proline 
to determine proline and collagen synthesis. 
Each point represents two plates. The var- 
iation between duplicate plates was less 
than 8 percent of total radioactive counts 
per minute for protein synthesis and less 
than 3 percent of total hydroxyproline 
counts per minute, for all but the last two 
time periods, when the variation was 4.8 
and 6 percent respectively. The FudR block 
was released by thymidine at time 0. 
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Carb liquid-scintillation spectrometer. 
The efficiency of counting was deter- 
mined with tritiated toluene as the in- 
ternal standard. Synthesis of protein 
and collagen was measured just before 
the addition of thymidine to show that 
synthesis was going on during the 
FUdR block and to demonstrate the 
rate of synthesis. 

In the aneuploid mouse line (Fig. 1), 
a burst of DNA synthesis begins im- 
mediately after the FUdR block is re- 
versed and reaches a maximum in 4 to 
6 hours. Protein synthesis is only mod- 
erately changed, increasing slightly dur- 
ing the first part of S from the rate 
prior to release of the block. Collagen 
synthesis also increases slightly, approx- 
imating the changes in general protein 
synthesis. In these aneuploid cells, 
therefore, specialized protein synthesis 
is not shut off or decreased during the 
S period. 

To determine whether the control 
of synthesis of collagen in diploid cells 
is different from that of aneuploid cells, 
similar experiments were performed 
with diploid rat (PR105) and diploid 
fetal human (PRI 00) cell lines. Cells 
of PR105 make 10 percent of total 
protein as collagen, whereas 3.5 per- 
cent is the highest we have obtained 
with the aneuploid cells (3T6). In Fig. 
2 a sharp burst of DNA synthesis is 
seen in cultures of PR105, with a peak 
at 3 to 4 hours after reversal of FUdR 
block. The rate of incorporation of 
proline into protein increases moder- 
ately from the level prior to addition 
of thymidine and the changes in colla- 
gen synthesis follow closely the changes 
in protein synthesis, as found for 3T6 
cells. In the cultures of diploid fetal 
human cells (Fig. 3), synthesis of DNA 
was maximum 3 to 5 hours after addi- 
tion of thymidine. Protein synthesis 
fluctuated, but showed a slight tendency 
to decrease during maximum DNA syn- 
thesis. Changes in collagen synthesis 
are again similar to those in protein 
synthesis. 

Stollar, Buonassisi, and Sato (17) 
noted that synthesis of adrenal steroids 
per unit number of cultured adrenal 
tumor cells remained unchanged in 
logarithmic and stationary phases of 
growth. We have shown (18) that syn- 
thesis of collagen per unit number of 
cells in culture fluctuates with 'general 
protein synthesis during the logarithmic 
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duction of collagen does not cease dur- 
ing that portion of the cellular division 
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cycle when DNA is replicated, but in- 
stead that it again fluctuates with 
changes in general protein synthesis. 
Moreover, aneuploid and diploid cells 
respond similarly. In both types of 
cultures the rate of transcription of 
collagen appears to be controlled by 
a mechanism that alters the rate of 
transcription of all proteins. 
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cycle when DNA is replicated, but in- 
stead that it again fluctuates with 
changes in general protein synthesis. 
Moreover, aneuploid and diploid cells 
respond similarly. In both types of 
cultures the rate of transcription of 
collagen appears to be controlled by 
a mechanism that alters the rate of 
transcription of all proteins. 
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Isotope Separation by 
Carrier Diffusion 

Abstract. Nitrogen isotope fractiona- 
tion in the Hoering-Moore experiment, 
injection of N2 into CO2 carrier and 
flow through sandstone, is due to dif- 
fusion in the gas phase rather than to 
surface interaction. This process, called 
"carrier diffusion," produces a charac- 
teristic fractionation pattern relative to a 
fraction coordinate, with points of zero 
fractionation at 16 and 84 percent and 
heavy isotope enrichment between these 
points. Carrier diffusion is an efficient 
enrichment process for low-abundance 
isotopes lighter than the abundant 
species and for helium and hydrogen in 
gas mixtures. 

Diffusional separation processes for 
gaseous and isotopic mixtures are of 
two general types: those which do not 
require an additional gas as a separat- 
ing agent and those in which separa- 
tion of the mixture occurs by diffusion 
through an added gas component. The 
first type includes the well-known proc- 
ess of -barrier diffusion or effusion, char- 
acterized by molecular flow through a 
porous barrier, and the method of ther- 
mal diffusion across a temperature 
gradient. Processes which depend on a 
third component include mass diffusion 
(1), in which the mixture and a separat- 
ing agent flow in opposite directions 
separated by a filter through which 
they interdiffuse, and sweep diffusion 
(2) in which a separating agent dif- 
fuses across the flowing mixture and 
sweeps the less-diffusible component to 
one side of the stream. Both mass and 
sweep diffusion operate with continuous 
flow of mixture through the separation 
unit and depend upon differential rates 
of diffusion perpendicular to the direc- 
tion of flow. In this paper a one-dimen- 
sional separation process is described, 
in which a mixture is injected as a 
spike or batch into a flowing carrier 
gas and diffuses up and down stream 
from the injection point during the 
bulk flow. This process, called carrier 
diffusion, accounts for the nitrogen iso- 
tope separation observed in geochemi- 
cal studies of gas flow in sandstones 
(3) and is applicable to unusual isotope 
effects observed in gas-solid chroma- 
tography (4) and to separation of gas 
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In their experimental study, Hoering 
and Moore (3) injected N2 into CO2 
flowing through a dry core of Torpedo 
sandstone and found that the emerging 
N2 first increased and then decreased in 
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