
Sound) or not (Magueyes Island, 
Puerto Rico). Much greater variation 
in salinity occurs in bodies of water 
with restricted sea connections, as at 
Long Reef in Aransas Bay, Texas, 
Franklin City on Chincoteague Bay, 
Virginia, and at Crab Point in the New- 
port River, North Carolina. Stations 
located landward of the offshore bar- 
rier islands but close to ocean inlets 
are intermediate in their salinity varia- 
tion (Radio Island, Beaufort Inlet, 
North Carolina; Pass Marianne in 
Mississippi Sound). The large tempera- 
ture spread for Aransas Bay and 
Mississippi Sound (Fig. 1) is due to 
long water-sampling periods. Sampling 
periods longer than about 6 months at 
the Atlantic Coast localities would give 
misleading data as shell secretion is 
usually interrupted by the cold season. 

The strontium concentration in the 
shells of C. virginica increases with in- 
creasing mean temperature of the 
sampling period, as shown in Fig. 2A. 
The dashed line, fitted by least squares, 
passes through all the observed ranges 
of the strontium values (7). The Carib- 
bean species, C. rhizophorae, is some- 
what off the trend displayed by C. 
virginica. 

The concentration of magesium in 
the grown portions of Crassostrea 
shells also shows an increase with in- 
creasing temperature (Fig. 3A), al- 
though it is less well pronounced. In 
particular, the two samples from the 
Gulf Coast deviate from the more gen- 
eral trend. 

From the analytical data, the coeffi- 
cients of distribution of strontium and 
magnesium, respectively, between cal- 
cites and waters have been computed: 

_(N.m ,(o+/N <,,o,) ea), 
S (nms,+ff /7.) 

and 
(Nl~,g(,O ./NI,.,o,: ) ..., K I A z 

where K' is the distribution coefficient, 
N is the mole fraction of a component 
in calcite, and m is the molal concentra- 
tion of the cation in the water. Plot of 
K's,. against temperature in Fig. 2C 
shows that the distribution coefficient 
changes with temperature rather than 
with the Sr++/Ca++ ratio in solution. 
It may be noted that the high strontium 
concentration in the sample from Pass 
Marianne, Mississippi, is probably due 
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If the distribution of strontium be- 
tween water and live shell of C. vir- 
ginica is primarily a function of the 
water temperature and the ratio 
ms,.4+/mc.++, then it may be compared 
with an equilibrium distribution in an 
inorganic system. At 25?C the value of 
K',. in the system strontian calcite- 
aqueous solution is about 0.14 ? 0.02 
(8), which is close to K's,5. 0.12 for 
the C. virginica calcite at the same 
temperature. The dependence of K's, in 
inorganic systems on temperature above 
and below 25?C is not yet completely 
understood (9), and consequently the 
correspondence between biogenic and 
inorganic calcites at other tempera- 
tures is not certain. 

The distribution coefficient for mag- 
nesium (Fig. 3C) retains the spread of 
the magnesium concentrations in the 
samples. However, K'M,. correlates posi- 
tively with temperature (r .771, 
significant at the .025 level). Concen- 
trations in the range 0.5 to 1.5 mole 
percent MgCO., in calcitic shells (Fig. 
3A) are lower than the calculated con- 
centrations in calcite at equilibrium 
with solution in which mMn,l+/ mC,++ is 
about 5, as in Fig. 2B (10). The non- 
equilibrium and a greater variation in 
the concentration of magnesium in 
shells may be due to its greater partici- 
pation in the physiological functions 
of animals, in general, and marine 
invertebrates in particular (11). The 
samples in Fig. 3A which pronouncedly 
deviate from the general trend are from 
endemic populations in the Middle 
Oyster River, Great Bay, New Hamp- 
shire, and in Aransas Bay; the Pass 
Marianne sample is also of local stock. 
As opposed to these occurrences, many 
oysters have been artificially trans- 
ported between the Middle and North 
Atlantic sections of the coast, which 
could have obliterated some of the 
original differences between the popula- 
tions. The dependence of magnesium 
concentrations on the geographic loca- 
tion of the sample is compatible with 
the reported genetic differences be- 
tween the temperature races of C. 
virginica (12). 
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droxyproline migrates, on electro- 
phoresis, with the a2-/-globulins. Im- 
munoelectrophoresis with rabbit anti- 
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Immunoelectrophoresis Reveals 

Collagen Solubility in Human Serum 

Abstract. A fraction of human- 
serum proteins which contains hy- 
droxyproline migrates, on electro- 
phoresis, with the a2-/-globulins. Im- 
munoelectrophoresis with rabbit anti- 
serum to soluble human collagen re- 
veals an immunologically collagen-like 
protein in the human serum. 

Le Roy et al. (1) have shown that 
a protein containing hydroxyproline 
exists in human plasma. The protein, 
termed "hypro-protein," is presumed 
to be collagen or one of its pre- 
cursors; it has been identified by 
Sephadex-gel filtration as either an 
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Fig. 1. Precipitin reaction in agar gel of 
human serum with antiserum to whole 
human serum (a) and antiserum to hu- 
man collagen (b). 
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Fig. 2. Immunoelectrophoresis of human 
serum: precipitin reaction with antiserum 
to human collagen. 
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Fig. 3. Tmmunoelectrophoresis of human 
serum: precipitin reaction with (a) anti- 
serum to collagen and (b) antiserum to 
whole human serum. 

a.-macroglobulin or an a- or f3-lipopro- 
tein. We (2) have found a hydroxy- 
proline-bound protein localized in the 

a2-fl-globulins fraction; the fraction 
was characterized, after separation by 
column electrophoresis on acetolized 
cellulose (3). We have noted that 
antiserum to human serum gives a 
precipitin reaction with soluble human 
collagen; accordingly we have sought 
serum proteins showing the same anti- 
genicity as collagen. We now report 
attempts to characterize such a serum 
fraction by immunoelectrophoresis. 

We prepared antibodies from solu- 
ble human collagen; soluble collagen 
citrate was prepared by the method 
of Gallop and Seifter (4). Fragments 
of human skin, homogenized at 0?C 
in 0.5M sodium acetate in a VirTis- 
45 blendor were centrifuged at 5?C; 
the pellet was suspended in similar solu- 
tion (at 4 ml per gram of tissue) for 
18 hours and recentrifuged four times. 
The final pellet was washed four times 
by centrifugation from aqueous suspen- 
sion. Soluble collagen was then extract- 
ed from the washed pellet by three suc- 
cessive 18-hour suspensions in 0.075M 
citrate buffer at pH 3.7 (at 4 ml per 
gram), each suspension being centri- 
fuged for 1 hour at 18,000 rev/min. 
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The final pellet was discarded. Soluble 
collagen was precipitated from the 
combined supernatants by dialysis 
against 0.02M disodium phosphate 
buffer. Purity of this soluble collagen 
was verified first by gel electrophore- 
sis: it gave only one distinct zone. 
The amount of hydroxyproline in this 
preparation of soluble collagen was 
estimated to be 10.7 percent of the 
weight of protein. 

Antiserums to collagen were pre- 
pared (5) by injecting, in divided 
doses, 2 ml of the following solution 
into the toe pads of each of three 
rabbits: equal parts of 1 percent col- 
lagen in citrate buffer and complete 
Freund's adjuvant. Four weeks after 
injection, the rabbits were bled, and 
the presence of antibodies to collagen 
was verified by the Ouchterlony tech- 
nique. This antiserum gave a precipitin 
line when human serum was used as 
antigen (Fig. b); the line is com- 
parable to the precipitin line produced 
by antiserum to whole human serum 
reacting with human serum used as 
antigen (Fig. la). 

Electrophoretic localization in hu- 
man serum of collagen-like antigen 
was tested by immunoelectrophoresis, 
according to Scheidegger's (6) modi- 
fication of Grabar and William's pro- 
cedure, with rabbit antiserum to hu- 
man collagen. Study by microimmu- 
noelectrophoresis suggests that in hu- 
man serum there is a fraction that 

gives a precipitin reaction with speci- 
fic antiserum to collagen (Fig. 2). At 
pH 8.4 this fraction has a slow rate 
of migration toward the anode and is 
situated near the starting zone. 

We compared these results with 
those obtained by immunoelectrophore- 
sis with rabbit antiserum to whole hu- 
man serum (7). Antigenic, collagen- 
like, serum protein occurs in the 

a2-,f-lipoprotein zone (Fig. 3). This 
precipitin line is really due to collagen 
and not to /3-lipoprotein, for it is not 
colored by Sudan Black BB, unlike 
lines given by the lipoprotein (8); 
and it is not removed after absorption 
of antiserum to collagen by purified 
,/-lipoprotein prepared according to 
the Burstein technique (9). This frac- 
tion appears to be localized in the 
same zone as those fractions separated 
by cellulose-column electrophoresis. 

These findings suggest that there is 
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think that soluble collagen exists in 

human serum and presume that this 
soluble collagen is related to the col- 
lagen of connective tissue. 
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Uptake as a Determinant of 

Methotrexate Response in 

Mouse Leukemias 

Abstract. Methotrexate-promoted sur- 
vival of mice bearing different trans- 

plantable leukemias was compared with 

uptake of the drug by leukemia cells in 
vitro. A high degree of correlation (r2 
= 0.88) showed that uptake may be a 

major determinant of the antitumor 

activity of methotrexate against trans- 

plantable mouse leukemias. 

Methotrexate is a chemotherapeutic 
agent which initially controls certain 
mouse and human leukemias. This 

drug is tightly bound by the enzyme di- 

hydrofolate reductase (1). The resulting 
inhibition of this enzyme blocks reduc- 
tion of folate and dihydrofolate to 

tetrahydrofolate, and this leads to in- 
terference with one-carbon metabolism, 
causing death of growing cells (2). 
The effectiveness of methotrexate as an 
antileukemic agent is limited by the 
eventual development of resistance (3). 

Figure 1 shows the relative sensitivity 
of ten transplantable mouse leukemias 
to methotrexate as measured by drug- 
promoted survival of tumor-bearing 
animals (4) and the corresponding up- 
take of the drug by each cell line in 
vitro. A significant correlation (r2 = 

human serum and presume that this 
soluble collagen is related to the col- 
lagen of connective tissue. 
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Uptake as a Determinant of 

Methotrexate Response in 

Mouse Leukemias 

Abstract. Methotrexate-promoted sur- 
vival of mice bearing different trans- 

plantable leukemias was compared with 

uptake of the drug by leukemia cells in 
vitro. A high degree of correlation (r2 
= 0.88) showed that uptake may be a 

major determinant of the antitumor 

activity of methotrexate against trans- 

plantable mouse leukemias. 

Methotrexate is a chemotherapeutic 
agent which initially controls certain 
mouse and human leukemias. This 

drug is tightly bound by the enzyme di- 

hydrofolate reductase (1). The resulting 
inhibition of this enzyme blocks reduc- 
tion of folate and dihydrofolate to 

tetrahydrofolate, and this leads to in- 
terference with one-carbon metabolism, 
causing death of growing cells (2). 
The effectiveness of methotrexate as an 
antileukemic agent is limited by the 
eventual development of resistance (3). 

Figure 1 shows the relative sensitivity 
of ten transplantable mouse leukemias 
to methotrexate as measured by drug- 
promoted survival of tumor-bearing 
animals (4) and the corresponding up- 
take of the drug by each cell line in 
vitro. A significant correlation (r2 = 

0.88) exists between these two vari- 
ables, showing that the drug uptake by 
each cell line is an important determi- 
nant of survival of tumor-bearing ani- 
mals. 
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