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in Seawater from 

Solubility Measurements 

Abstract. The extent of association 
between magnesium and sulfate ions 
was determined in artificial seawater by 
a solubility technique. About 10 percent 
of the magnesium ions were found to be 
associated. This result supersedes the 
earlier value found in this laboratory 
and agrees with the results of Garrels 
and Thompson, Thompson, and Fisher. 

Several researchers determined the 
extent of association between magne- 
sium and sulfate ions in seawater. Gar- 
rels and Thompson, Thompson, and 
Fisher (1) found that between 9 and 11 

percent of the magnesium ions are as- 
sociated to sulfate ions. The results of 

Pytkowicz et al. (1) indicated that the 
extent of association was greater. In 
the present work we redetermined the 
extent of association, again by a method 
based on the solubility of brucite, and 
obtained results that agree with those of 
the other workers. The present proce- 
dure, in contrast to our previous one, 
avoided both the use of a value for the 

thermodynamic solubility product of 
brucite and the possibility of carbonate 

coprecipitation. Particle size effects 
were minimized because a comparative 
technique was used. 

The procedure was as follows. Two 
solutions, with compositions shown in 
Table 1, were equilibrated with 40- to 
60-mesh white platy Quebec brucite and 
the steady-state pH was measured at 
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The results are presented in Table 2. 
We found that about 10 percent of the 

magnesium ions are associated with 
sulfate ions. This result is in good agree- 
ment with those of Garrels and Thomp- 
son, Thompson, and Fisher (1) which 
were obtained by a variety of methods. 
The values of the steady-state pH ob- 
tained in the present work are lower 
than those obtained earlier by Pytko- 
wicz et al. (1). 

The apparent (quasi-stoichiometric) 
solubility product of brucite in solution 
B, K'sp = (Mg2+)T(aoH)2, was found to 
be (2.4 - 0.2) x 10-11. The thermody- 
namic solubility product may be ex- 

pressed as Ksp = (fMg),(Mg2+)F(aoH)2. 

According to Garrels and Thompson (1), 
(fMg)r = 0.36. Therefore, from our 
values of (Mg2+)F and ao0, Ksp = (7.8 
? 0.5) X 10-12. This result is only ap- 
proximate because aOH obtained from 

pH measurements is not exactly the 

thermodynamic activity of hydroxyl 
ions. However, the arbitrariness in the 
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Acid hydrolyzates of Escherichia coli 
tRNA (1) were found to exhibit cytokinin 
activity in the tobacco callus bioassay 
(2), but since 6-(3-methyl-2-butenylami- 
no)-9-,--D-ribofuranosylpurine (2iPA), 
the cytokinin-active minor riboside of 
several tRNA's (3), was not detectable 
in the enzymic hydrolyzates of E. coli 
tRNA (4), it was of special interest to 
isolate and identify the compound 
or compounds responsible for this ac- 

tivity. The approach, then, was to lo- 
cate the component by following its 
route through the isolation procedure 
by means of the tobacco bioassay (5, 6) 
of aliquots. 

Thirty grams of partially degraded 
E. coli B sRNA (7), containing 9.7 

O.D.260 units per milligram, were hy- 
drolyzed to nucleosides with lyophilized 
snake venom (Crotalus adamanteus, 
Sigma) and alkaline phosphatase (8). 
The hydrolysis procedure was similar 
to that of Hall (9). The RNA was dia- 
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operational definition of pH does not 
detract from its practical value in self- 
consistent potentiometric studies of 
seawater (4). Our result is in good 
agreement with that of Hostetler (5), 
who found that Ksp = (7.1 + 0.5) 
x 10-12. 

R. M. PYTKOWICZ 
R. GATES 

Department of Oceanography, 
Oregon State University, 
Corvallis 97331 
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lyzed for 24 hours at 4?C before hy- 
drolysis. 

The nucleoside mixture was fraction- 
ated by partition chromatography on 
Celite-545 columns (9); the upper phase 
of a mixture of ethyl acetate, meth- 
oxyethanol, and water (4:1:2) was 
used for elution. The elution profile 
was similar to that reported by Hall 
(10) for yeast sRNA. Cytidine and 
guanosine were eluted together by 
washing the column with distilled water. 

A small O.D.200 peak (fraction 1) 
emerging with the solvent front was 
highly active in the tobacco bioassay 
for cytokinins (2). The activity in frac- 
tion 1 was increased by acid hydrolysis 
(0.1N HC1, 100?C, 45 minutes) before 
bioassay. Under these conditions, ac- 
tivity could also be detected in the 
methyladenosine peak and, very weak- 
ly, in the adenosine peak. The uridine 
peak and water eluate were inactive, as 
were all fractions eluted from a control 
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column to which a sample of the en- 
zyme solution, incubated in the absence 
of RNA, was applied. 

Thin-layer chromatography of sam- 
ples of fraction 1 in Cellulose MN 300 
F254 plates, with distilled water as a 
solvent, revealed four ultraviolet-ab- 
sorbing spots. Cytokinin activity was 
associated with two poorly resolved 
spots moving at RF 0.06 and 0.12 (com- 
pounds 1' and 2'). Two fast-moving 
spots (compounds 3' and 4', Rp 0.64 
and 0.82, respectively) were inactive in 
the tobacco bioassay. Compounds 1' 
and 2' could be resolved by thin-layer 
chromatography in 10 percent ethanol 
(RF 0.10 and 0.31, respectively). Only 
compound 2' exhibited cytokinin activ- 

ity. 
Compound 2' was isolated from frac- 

tion 1 (see above) by chromatography 
on Whatman No. 1 paper. The com- 

position of eluates from the chroma- 
tograms was monitored by bioassay and 

thin-layer chromatography. Chromatog- 
raphy of fraction 1, with distilled water 
as a solvent, separated the fast-moving 
compounds 3' and 4' from the cytokinin 
activity which was streaked from the 
origin to about RF 0.4. Compound 2' 
and a large amount of fluorescent ma- 
terial were present in the eluate from 
RF 0.06 to 0.40. The chromatographic 
properties of the fluorescent substance 
were very similar to those of com- 
pound 2'. As a result, it was convenient 
to isolate the latter compound from the 
eluate of the region below R, 0.06. 
The solids from this eluate were ex- 
tracted twice with 1.5 ml volumes of 
chloroform-petroleum ether (2:1). The 
supernatant from this extraction con- 
tained considerable colored material to- 

gether with most of compound 1' and a 
small amount of compound 2'. The resi- 
due, consisting primarily of compound 
2', was chromatographed in 50 percent 
ethanol. One ultraviolet-absorbing band 
(RF 0.85) was observed. The eluate 
from this band was rechromatographed 
in 20 percent ethanol and gave a single 
ultraviolet-absorbing band at RF 0.58, 
which was again rechromatographed 
in 20 percent ethanol. Elution of the 
ultraviolet-absorbing band (RF 0.58) 
yielded about 1 mg of white solids 
containing compound 2' and a small 
amount of fluorescent material. This 

sample was used for determination of 
the structure of compound 2'. 
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Cytokinin from Soluble RNA of Escherichia coli: 6-(3-Methyl- 

2-butenylamino)-2-methylthio-9-3-D-ribofuranosylpurine 

Abstract. We have isolated a compound responsible for the cytokinin activity 
of soluble RNA from Escherichia coli. The structure, indicated as 6-(3-methyl-2- 
butenylamino)-2-methylthio-9-,P-D-ribofuranosylpurine, C16H23N50,OS, on the basis 

of low- and high-resolution mass spectrometry, was established by unequivocal 
synthesis. The mass spectra, chromatographic behavior, and ultraviolet spectra 
of the compounds from natural and synthetic sources were identical. 
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