
devoid of sensory receptors in the dog. 
It is concluded from this histolog- 

ical study that the nerve endings in 
the cat's pulmonary artery are most 
concentrated at the bifurcation and are 
also found to a significant extent in 
the adjacent region of the main pul- 
monary artery and in initial parts of its 
right and left branches. 
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Beryllium and the 

Growth of Bush Beans 

Abstract. Beryllium in nutrient solution 
inhibited the growth of bush beans. The 
initial symptom was retarded root develop- 
ment. Although severe stunting of plants 
occurred, the foliage retained normal color. 
Roots accumulated beryllium. Increased 
beryllium concentrations decreased calcium 
in roots, stems, leaves, and fruits, and also 
decreased magnesium in roots and stems. 
Phosphorus was slightly increased in stems, 
leaves, and fruit. 

Because of its unique properties, 
beryllium is a suitable constituent of 
power sources for nuclear- and chemi- 
cal-powered propulsion devices. This 
element is toxic to animals (1). Our 
interest in Be developed upon consider- 
ing whether or not its dispersion into 
the natural environment might also have 
injurious effects on higher plants. Ob- 
servations of beneficial and detrimental 
effects of Be on plant growth processes 
have been reported (2). 

Ten-day-old bush bean seedlings 
(Phaseolus vulgaris, "Tendergreen") 
were transferred from sand culture to 
aerated, nutrient solutions containing 
0, 0.5, 1.0, 2.0, 3.0, or 5.0 ppm Be. 
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ing whether or not its dispersion into 
the natural environment might also have 
injurious effects on higher plants. Ob- 
servations of beneficial and detrimental 
effects of Be on plant growth processes 
have been reported (2). 

Ten-day-old bush bean seedlings 
(Phaseolus vulgaris, "Tendergreen") 
were transferred from sand culture to 
aerated, nutrient solutions containing 
0, 0.5, 1.0, 2.0, 3.0, or 5.0 ppm Be. 
The base nutrient solution also con- 
tained 2.25 X 10-'M KNO3, KH2PO4, 
and MgSO4, 1 X 10-'M NH4NO3, and 
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3.75 X 10-3M Ca(NO3) 2. Micronutrient 
levels were 0.05 ppm B, 0.01 ppm Mo, 
0.5 ppm Mn, 0.05 ppm Zn, 0.02 ppm 
Cu, and 2.5 ppm Fe(EDDHA). The 
pH of this nutrient solution was buf- 
fered at 5.3 ? 0.5. All of the Be treat- 
ments had four replicates. Each repli- 
cate consisted of two plants grown in 
3.6 liters of nutrient solution that was 
renewed five times during 48 days of 
plant growth on the Be treatments. At 
harvest the plants were divided into 
roots, stems, leaves, and fruit. 

An inhibiting effect of Be on the 
growth of bush beans was evident from 
the dry weights of the plant parts (Fig. 
1). The mean total dry plant weights 
were 60.2, 40.2, 35.5, 20.6, 14.5, and 
7.3 g from the 0, 0.5, 1.0, 2.0, 3.0, and 
5.0 ppm Be treatments, respectively. 
Visual symptoms of Be inhibition first 
were observed on the roots of bean 
seedlings transferred to nutrient solu- 
tion containing 3.0 and 5.0 ppm Be. 
The roots turned brown within 5 days 
after Be treatment was started, and the 
roots failed to resume normal elonga- 
tion. More than normal numbers of 
stubby rootlets developed from pudgy, 
secondary roots. Stunting of plant 
foliage became apparent within 10 days 
of exposure to the higher Be treatments; 
however, the foliage continued to retain 
natural color at all Be concentrations 
during the 48-day treatment period. 
These abnormal symptoms became pro- 
gressively more severe as the Be con- 
centration in the nutrient solution in- 
creased from 0.5 to 5.0 ppm. Earlier 
flowering occurred for plants grown at 
the higher Be treatments, which was 
reflected in the dry weights of fruits 

(Fig. 1). Although the bush beans 
grown at 0 and 0.5 ppm Be set more 
fruit pods, these pods were much less 
mature when harvested than were the 
fruit pods produced at the higher Be 
treatments. 

Table 1 shows the concentrations of 
Be, Ca, Mg, and P in parts of bush 
beans. Concentrations of Be, Ca, and 
Mg were measured by emission spec- 
trograph. Phosphorus was determined 
by the method of Allen (2). Beryllium 
accumulated in the root tissues. Among 
the aerial parts, the leaves accumulated 
the highest concentrations of Be; rela- 
tively small levels of Be accumulated 
in the bean fruits. Uptake of Be was 
linear with respect to the concentration 
of Be in the nutrient solution. Calcium 
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Fig. 1. Effect of increasing concentrations 
of Be in nutrient solution on the dry 
weights of parts of bush beans grown 48 
days on Be treatments (mean of four 
replicates). 

Be concentrations decreased the Mg 
concentration in roots and stems but 
did not alter Mg in leaves and fruits. 
The concentration of P in roots was 
reduced at the 5-ppm Be level but was 
not affected at the lower treatment 
levels. In other plant parts, the P con- 
centration tended to increase as the Be 
concentration increased. The percent 
of total mineral ash in dry plant tissues 
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Table 1. Concentrations of Be, Ca, Mg, and P in 
parts of bush beans grown on Be-treated nutrient 
solution (mean of four replications). 

Be in Conc. of element in dry plant tissue 
solu- (mg /g) 
tion 

(ppm) Be Ca Mg P 

Roots 
0 0 5.2 5.6 18.0 
0.5 0.271 3.5 6.5 18.4 
4.0 0.431 4.5 5.8 20.2 
2.0 0.668 4.3 3.6 18.6 
3.0 0.978 3.7 2.3 19.4 
5.0 1.076 2.6 2.0 13.1 

Stenms 
0 0 8.5 1.9 6.8 
0.5 0.004 6.8 1.9 7.2 
1.0 0.006 5.5 2.1 7.2 
2.0 0.015 4.0 1.8 9.2 
3.0 0.018 3.5 1.7 8.7 
5.0 0.024 3.4 1.8 8.4 

Leaves 
0 0 22.1 4.2 10.8 
0.5 0.008 31.4 6.1 11.1 
1.0 0.016 30.1 6.3 10.9 
2.0 0.034 19.7 6.7 15.2 
3.0 0.042 18.0 6.7 16.0 
5.0 0.070 17.9 6.8 15.4 

Fruit 
0 0 4.8 2.6 6.3 
0.5 0.001 5.1 2.7 6.9 
1.0 0.002 4.6 2.6 6.9 
2.0 0.004 3.9 2.6 7.8 
3.0 0.005 2.8 2.5 8.8 
5.0 0.006 2.2 2.7 10.2 
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was decreased in roots and leaves but 
was not altered in stems and fruits when 
the concentration of Be increased in 
these plant parts. 

Beryllium might become injurious to 
higher plants if high levels were dis- 
persed onto the soil or into ground and 
irrigation waters where plant roots 
could come in contact with Be concen- 
trations in excess of 1 ppm in the soil 
solution. Inhibiting effects of Be on 
plant growth appear to be centered 
primarily in the root tissues, and the 
evidence (3) now indicates that Be may 
inhibit the normal functions of the plant 
phosphatase enzyme systems. An inhi- 
bition of the normal metabolism of 
inorganic P which the plant attempts 
to overcome by increased P uptake 
might account for the increased P con- 
centrations at the higher Be treatments. 
Apparently Be does not inhibit the 
formation and functions of chlorophyll 
(4). 

EVAN M. ROMNEY 
JAMES D. CHILDRESS 

GEORGE V. ALEXANDER 
Laboratory of Nuclear Medicine and 
Radiation Biology, School of Medicine, 
University of California, Los Angeles 
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Abstract. Human plasma and serum were 
obtained from blood of resting persons. 
Plasminogen was determined by activation 
with the optimal amount of streptokinase. 
As in the majority of cases no significant 
difference was found between the pro- 
teolytic activity of plasma and serum, a 
blood clot cannot contain more plasmin- 
ogen than that present in the volume of 
serum included. 

According to current views, a pre- 
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difference was found between the pro- 
teolytic activity of plasma and serum, a 
blood clot cannot contain more plasmin- 
ogen than that present in the volume of 
serum included. 

According to current views, a pre- 
cursor (profibrinolysin, plasminogen) 
present in plasma reacts with an acti- 
vator or kinase to produce an enzyme 
(fibrinolysin, plasmin). The enzyme is 
inactivated by antifibrinolysins (1). The 
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Table 1. Comparison of plasminogen activity of human plasma and serum. One volume of inhibitor- 
free and neutralized plasma or serum, 1 volume of 3-percent casein solution in borate buffer (pH 7.3) 
and 0.1 volume of 0.154M sodium chloride containing between 430 and 830 units of streptokinase 
(Varidase) per milliliter of plasma or serum were incubated at 37?C for 30 min. The reaction was 
stopped by chilling the tubes to 2?C and addition of 2 volumes of 20-percent trichloroacetic acid 
(wt /vol). After centrifugation the optical density of the solution was determined at 280 m/4. For 
each reaction mixture a corresponding blank was prepared at 2?C and its optical density was sub- 
tracted from that of the incubated mixture. Human serum of known protein content was used as 
standard. Figures represent averages of trichloroacetic acid-soluble material expressed as milligrams 
of protein per milliliter of original plasma or serum. 

Number Plasminogen activity B X 100 
of deter- *----- of deter- Plasma Serum A minations (A) (B)A 

1 2.16 1.96 90.7 
14 2.50 (2.16 to 3.27) 2.46 (2.09 to 3.10) 98.4 (94.8 to 99.1) 
6 1.73 (1.01 to 2.40) 1.79 (1.04 to 2.45) 103.4 (102 to 105.5) 
6 1.78 (1.00 to 2.98) 1.96 (1.07 to 3.20) 110.1 (107 to 115) 
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concentration of plasminogen in serum 
will be further reduced by any capacity 
of the blood clot to adsorb plasminogen. 
Therefore, the concentration of plas- 
minogen in plasma should be higher 
than in serum if these conditions prevail. 

In order to obtain information about 
the difference of plasminogen activity 
in the two fluids, blood specimens were 
taken at rest 2 hours after a fat-free 
breakfast from 14 healthy laboratory 
personnel who are accustomed to han- 
dling blood and do not suffer from any 
apprehension which might enhance fibri- 
nolysis (2). In addition, blood from 
five patients who were suspected of 
deficient hemostasis was tested. Some 
subjects were examined twice. 

The first 20 ml of venous blood was 
placed in two tubes, which were then 
stoppered and incubated at 37?C for 
2 hours. To each milliliter of serum 
obtained after centrifugation was added 
0.02 ml of 1.3M tertiary sodium citrate. 
A further 20 ml of blood was mixed 
with 0.2 ml of 1.3M tertiary sodium 
citrate in tubes chilled to 2?C. 

Plasmin antagonists in cell-free plas- 
ma and serum were destroyed by adjust- 
ing pH to 2.0 and allowing to stand at 
room temperature for 15 to 30 min (3). 
After neutralization, plasminogen was 
activated with optimal amounts of strep- 
tokinase (Varidase, Lederle). Proteo- 
lytic activity was measured after addi- 
tion of casein (4). The results are 
given in Table 1. 

It was calculated from 17 duplicate 
estimations that the results of plasmin- 
ogen determinations in plasma and 
serum are not significantly different, at 
the .05 confidence level, if they lie 
between 94.6 and 105.7 percent (5). 
A linear relationship was established 
between proteolytic activity and concen- 
tration of plasma and serum down to 
50-percent concentration. 
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between 94.6 and 105.7 percent (5). 
A linear relationship was established 
between proteolytic activity and concen- 
tration of plasma and serum down to 
50-percent concentration. 

The potential proteolytic activities of 
plasma and serum were not significantly 
different (P < .05) in 20 instances. In 
six instances serum contained a higher 
plasminogen activity than plasma and 
in one case serum activity was lower 
than the plasma activity. No correlation 
was found between the plasminogen 
activity and sex or age (17 to 61 years). 
From these results it is seen that the 
concentration of plasminogen in serum 
was in the majority of cases not less 
than 95 percent of that in plasma and 
therefore little adsorption of plasmin- 
ogen had taken place on the blood 
clot. Plasminogen determinations carried 
out with normal human plasma before 
and after defibrination with bovine 
thrombin (Parke-Davis) gave results 
similar to those tabulated. 

There is justification to assume from 
experimental evidence that no loss of 
plasminogen occurred in the chilled 
plasma during the time of blood collec- 
tion and determination as a result of 
plasmin formation due to the possible 
presence of plasminogen activators. It 
follows that no fibrinolytic activity was 
present in the tested specimens. 

The tabulated results have a bearing 
on the treatment of thrombosis by 
fibrinolytic agents. In mixtures of puri- 
fied plasminogen and iodinated fibrin 
(6) it has been observed that some 
plasminogen is adsorbed by fibrin, and 
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