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FIG. 1. Gsowth ra te  a s  a function of temperature. A, 

Chlorella pyrenoidosa (Emerson's strnin) a t  1600 f t -c ;  X, 
Tx 71105 a t  1600 f t -c ;  0, Tx 71105 a t  500 ft-c ; 0 ,  Tx 71105 
a t  2800 ft-c. 

agent, ethylene diamine tetracetic acid, as previously 
described ( 3 ) .  The cultures were aerated with 4% 
carbon dioxide in  air, illuminakd at 500 ft-c by 
fluorescent lamps, and incubated a t  32' C. After sev- 
eral serial transfers, samples were plated out on agar  
medium. Bacteria-free cultures were obtained from 
isolated colonies. 

Preliminary study of 1 2  strains isolated a t  32' C 
indicated that one of these (Tx  1105) would show 
rapid and continued growth a t  39' C. After repeated 
culture a t  39' C, a second plating-out yielded a sec-
ond series of isolates. One of these (Tx 71105) was 
selected for  further study, preliminary results of 
which are presented here. Subsequently a third series 
of isolates was obtained via accuinulation cultures a t  
39' C. Among 61 original strains established there 
are significant differences in growth rate and in the 
tendency of the cells to clump in liquid cultures. Cells 
of the various strains are not readily distinguishable 
from the Emerson strain of Chlorella pyrelzoidosa in 
size, morphology, or mode of reproduction; a t  this 
time we prefer to regard them as strains of a species 
of Chlorella. 

Tx 71105 and the Emerson strain of C ,  pyrenoidosa 
have been submitted to a comparative study of the 
effect of temperature on the growth rate a t  light 
saturation. Growth in test tube cultures in photo-
thermostats (as described above for  the accumulation 
cultures) was determined in terms of the optical den- 
sity measured by an Evelyn colorimeter with 600 mp 
filter. The logarithm of the optical density plotted 
against time yields a straight line, the slope of which 
( k )  is the specific growth rate. F o r  C. pyrelzoidosa the 
method yields a value for  k of 0.85 i0.05 log,, u/day 
a t  25' C, as  compared to a value of 0.87 determined 
by the more elegant method of an automatic dilution 
device. 

Light-saturation of growth of C. pyrenoidosa couId 
be achieved by two banks of two 20-w daylight fluores- 
cent lamps placed on each side of the photothermostat 
and delivering about 500 ft-c to  opposite sides of the 
test tube cultures. This arrangement was adequate 
also fo r  Tx 71105 a t  temperatures below 26' C. At  
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higher temperatures two banks of tungsten lamps de- 
livering 1600 f t - ~  or 2800 f t - ~  to  opposite sides of the 
cultures were used to obtain light-saturation. 

Cultures fo r  the growth measurements were inocu- 
lated from 3 units of a continuous-culture apparatus 
which contained Tx 71105 a t  25' and 39' C and C. 
pyrelzoidosa a t  25' C. Test tube cultures held a t  the 
experimental temperature were continued by serial 
transfer until the growth rate remained constant over 
two successive attempts. 

The results are  presented in Fig. 1.The less exten- 
sive data for  C.  pyrenoidosa indicate a temperature 
optimum a t  25'-26' C. I n  spite of repeated attempts 
we were unable to train C. pyrertoidosa to maintain a 
stable growth rate a t  temperatures higher than 30' C. 
The temperature optimum for  Tx 71105 lies a t  about 
39' C. A stable growth rate fo r  this strain could not 
be obtained above 41.2' nor below 25.5' a t  1600 ft-c. 
Reduction of the light intensity to 500 ft-c permitted 
a stable growth rate down to a t  least 21.5' C. 

Preliminary manometric studies on Tx 71105 a t  
39' C have yielded maximum values of about 5 mm3 
0,/mm3 cells/hr fo r  respiration and 100 mm3 02/  
mm3 cells/hr fo r  photosynthesis, although in the lat- 
ter case we are  not certain that light-saturation was 
attained. This is the highest rate of photosynthesis 
per unit quantity of cell material of any organism 
so f a r  observed. 
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Metabolism and Removal of Ca45in Man1 

Judith Bellin and Daniel Laszlo2 
Divisior of Neoplastic Diseases, 

Montefiore Hospital, N e w  York 


This report deals with the metabolism and re-
moval of Ca45 in man, as studied by the administra- 
tion of a single tracer dose of high specific activity 
radiocalcium. Although such data are  available fo r  
animals ( I - 9 ) ,  none has been reported f o r  man. 
From the rate of disappearance of Ca45 from the 
blood stream, its excretion, and its uptake and re-
moval from bone, information on calcium metabolism 
may be obtained without disturbing the calcium 
homeostasis. 

The sodiuin salt of ethylene diamine tetracetic 

l T h i s  study has  been supported in part  by a grant  from 
the National Cancer Institute of the National Institutes of 
Health, USPHS, and in part  by a Contract AT(-30-1)-880 
with the U. S. Atomic Energy Commission. 

a The assistance of Leonard Woidowsky and Agnes Haus- 
inger is gratefully acknowledged. 
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* Patient M. A. Analyses of tissues obtained a t  autopsy. Pat ient  received 57.6 pc Ca46 14 days prior to death. 

1 P corr = Total P-P which is accounted for by nitrogen (N : P = 14.0). 

$ =Tissues dried but not defatted. 


acid (EDTA) ,  a strong cl~elsrting agent, forms com- on unashed samples and in stool on ashed samples. 
plexes with calcium and other metallic ions (10-12). Occasionally, the presence of Iarger amounts of or-
Xarked excess calcinuria without lowering of serum ganic materials necessitated the dry-ashing of the 
calcium levels was observed in man following the urine. I n  one instance, bone obtained a t  autopsy was 
slow intravenous administration of Na-EDTA (13) ,  analyzed. The bone was first defatted by extraction 
illustrating the demineralizing effect of this salt. with alcohol and ether and then dried to constant 
The rate of such skeletal demineralization was studied weight; weighed aliquots were ashed and analyzed 
by infusing Na-EDTA following the equilibration for  calcium, Ca45 and other constituents (Table 1 ) .  
of a dose of radiocalcium. Calcium 45 was precipitated as the calcium oxalate 

I n  another series of experiinents (not reported with 1 5  mg stable calcium added as carrier, and the 
here) the injection of the calcium salt of EDTA precipitate was collected onto planchettes using 
induced a n  excess excretion of Ca4j and of inetals especially constructed centrifuge tubes. The pre-
(Pb,  Y) deposited in bone (14, 15) .  Such data may cipitate was air-dried and counted in a Q-gas flow 
indicate the quantity of calciuln and of metallic ion counter. Correction for  self-absorption was made 
available fo r  surface exchange. by drying the precipitate to weight constancy and by 

The studies were perfornled on patientsd under using a n  absorption curve previously determined. 
controlled conditions of the inetabolic ward, while A standard was prepared by adding a known 
they were on a low calcium diet. Analyses of food amount of Ca4S to 1 ml of serum containing no 
and of excreta were performed as previously de- activity and precipitating the Ca45 in the manner 
scribed (16). Upon the completion of the balance described. The lowest level of activity that could be 
studies a tracer dose of Ca4SC1,* (0.75-100 pc/kg determined was 0.0001 PC, wit6 reproducibility of 
body weight) was injected rapidly into the antecubital ? 5%. 
vein of the fasting patient. Blood samples were The information obtained on the metabolism of 
taken a t  short intervals from the femoral artery Ca45 by this technique is illustrated by the following 
through a Cournand needle. Urine samples were example. A patient with multiple myeloma and 
obtained through an indwelling catheter a t  frequent primary hyperparathyroidism was given 57.6 PC of 
intervals; the bladder was rinsed a t  the conipletion Ca4S. The metabolic balance studies disclosed a rapid 
of each collection. Stool collections were made daily. rate of demineralization, with a n  average daily 
On 3 days following the injection of radiocalcium, urinary calcium excretion of 334 ing. Fig. 1 shows 
blood and urine were frequently assayed for  Ca45. the rapid disappearance of Ca4j from the circulation 

When the levels of Ca4Qpproximated a n  equilib- and its prompt excretion in the urine. Five min 
rium in the serum and excreta, the sodium salt of after the administration of Ca4j  only 26% of the dose 
EDTA was infused intravenously. Four  g of the salt was found in the circulation when calculated on the 
in  500 in1 of 5% glucose in water was infused over basis of a plasma volume of 2500 ml.5 Thereafter, 

a 6-hr period on 3 consecutive days. the disappearance rate gradually decreased; 4.3% 
Calcium 45 was determined in serum and urine of the injected dose was present after 24 hr. The 

radiocalcium appeared rapidly in the urine. Within 
8 Authorization for the use of tracer doses of Ca" in cancer 

patients only was granted through the Subcommittee on 30 min 0.64%, and after 24 hr  7.4%, of the injected 
Human Applications. by the Isotope Division of the U. S. dose had been excreted. The feces collected for  2 days 
Atomic Energy Commission. after the injection contained 0.8% of the dose. Near 

4 Ca46C1, in a solution containing 42 wc/mg calcium was ob- 
tained from the Owlr Ridge National Laboratory, Oak Ridge, 5 This rapid decline is attributable to equilibration of the 
Tenn. injected dose with calcium in the extracellular fluid space. 



equilibrium was reached in the blood 2 days after the 
injection. I n  1 4  days a total of 40.4% of the admin- 
istered dose was accounted for :  0.9% remained in the 
serum, 32.7% had been excreted in  urine, and 6.8% 
in the stool. Thus, 34.6 PC was retained in the tissues. 

x 0 ,  Dost etmo ?no 

GAYS 

FIG. 1. Patient M.A. Serum levels, urlne and fecal excre- 
tion of Ca45 follon.~ng intravenous injection of 57.6 wc. Bar 
diagram shows the distribution of the dose a t  the time of 
death. 

Fourteen days after the administration of radio-
calcium the patient died of an intercurrent ful-
minating pneumonitis. Table 1 represents the anal- 
ysis for  Ca4j of samples of bone and of tumor and 
other tissues obtained a t  autopsy. Significant amounts 
of Ca4j mere found in all bone samples and in the 
tuiiior. Sone found in the liver and kidneys. 
The specific activity of 4 of the bone samples varied 
froiri 0.026 to 0.069 PC Ca4j/g Ca, but the con-
centration of Ca4j was considerably higher in the 
n~yeloinatous tissue and in the adjacent spongiosa. 
The Ca4j content of the skeletal mass, estimated6 on 
the basis of this bone analysis is in fair  agreement 
with the amount of Ca4j retained in the body. 

The removal of the administered Ca4j induced by 
the infusion of Na-EDTA7 is illustrated in Fig. 2 ;  
57.6 PC Ca45 was administered to a patient with 
prostatic cancer and osteoblastic riietastases. On 3 
days preceding the infusion of Ka-EDTA, urine 
samples were analyzed daily at  6-hr intervals. I11 

contrast to sanlples froin the patient illentioned 
above, these showed an extremely low excretion of 
both stable and radioactive calcium. Fifteen clays 
after the administration of the isotope, 4 :S a -

B T l ~ etotal body calcium of a normal adult of 70 k g  bodv 
weight is estimated to be 1160 g (17 ) .  The body calcium of 
this patient was estimated to be 976 g ;  the total amount of 
Ca45 retained in the skeleton, calcnlntcd on the basis of the 
analysis of 4 bone samples with the average specific activity 
of 0.05wc/g calcium, was 48.8 wc ; the  actual amount retained 
was 34.6 wc. 

7 The EDTA was supplied by Riker's Laboratories, Inc., 
Los Angeles, Calif. The authors thank George L Maison for 
his bind cooperation. 

EDTA was infused for  6 hr on 3 consecutive days. 
The daily urine collections, fractionated as  above, 
showed the excretion of both calcium and Ca45 in-
creased more than tenfold to 0.2% of the dose/day. 
The nlaximum excretion was noted during and 
shortly after the completion of the infusion. Twenty- 
four h r  later, the excretions were only slightly above 
the preinfusion levels. There were no changes in  the 
osalate-precipitable calcium content of the serum. 

DAYS 

FIG. 2. Patient E. S. Urinary Ca4o and Ca45 excretions fol- 
lowing intravenous infusion of 4 g/day of the sodium salt of 
ethylene diamine tetracetic acid. 

I n  the experiment illustrated in Fig. 1and Table 1, 
it was shown that Ca" rapidly disappears from the 
blood stream, appears in the excreta, and is de-
posited in bone. The rate a t  which these processes 
take place may vary depending on the state of 
bone mctabolisn~, and inay represent a )nore useful 
indicator of skeletal activity than the criteria here- 
tofore employed-such as metabolic balance studies 
and the calcium-tolerance test (18). Indeed, in a 
series of experiments, thc sensitivity of such meas-
urements was indicated ( 2 9 ) .  From the fraction of 
Ca4j  recovered from the excreta following the 
intravenous and/or oral adlriinistration of Ca4j, the 
endogenous fecal calcium and the rate of utilization 
of ingested calcium may be estimated. 

The excess excretion of Ca45 which follows the 
administration of Na-EDTA is shown in Fig. 2. Since 
the ratio of the excreted Ca4j/Ca remains unchanged, 



it may be assumed that either the radiocalcium was 
removed from a homogeneous pool or that its de- 
position and removal occurred in the same area. 
Induced excess excretion of Ca45 and of other metals 
was also found after the administration of Ca-Na-
EDTA. These experiments will be reported in  detail 
elsewhere (19,ZO). 
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Agglutinin Linkage and Antibody Globulins 

G. W. G. Bird 
Blood Trans fu s ion  Depar tmen t ,  A r m e d  Forces Medical 
College, Poona, India  

Linkage of anti-A and anti-B isoagglutinins in some 
0 sera was demonstrated by Landsteiner and Wit t  
( I ) .  Similar linkage can be demonstrated in some 
cases between "nonspecific cold agglutinins" which 
occur nor~nally in nlost sera and cold agglutinins act- 
ing specifically a t  higher temperatures. A typical ex- 
ample out of nine such sera is given below. 

An A,B serum containing the "extra" agglutinin 
alpha, (anti-A,) was repeatedly absorbed in the cold 
with 0 cells. Considerable loss of the anti-A, resulted. 

Titer  before absorption: 256 

Titer  a f t er  absorption: 16 


Thirty sera containing isoagglutinins were similarly 
absorbed in the cold with 0 cells. There was no loss 
of isoagglutinin titer in any of these sera. 

Linkage may therefore exist between isoagglutinins 
and isoagglutinins, and between cold agglutinins and 
cold agglutinins, but not between isoagglutinins and 
cold agglutinins. I t  appears that linkage can only take  

place betweer, a9atibodies in the same globulin fraction. 
This would be supported by the biochemical findings 

of Cohn (2) who showed that  isoagglutinins do not 
belong to the Y-globulin fraction, to which cold ag- 
glutinins are believed to belong (3). The absorption 
experiments of Crawford and Mollison (4) also indi- 
cate that isoagglutinins and cold agglutinins belong to 
different globulin fractions. By absorption of anti-
globulin sera with sensitized red cells f rom cases of 
hemolytic anemia, or with cells that have been ex-
posed to incomplete anti-Rh, or to normal cold anti- 
bodies, they were able to prepare sera which would 
no longer agglutinate the type of cells used for  ab- 
sorption but could agglutinate one or more of the 
other types. 

The work of Crawford and Mollison also suggests 
that the auto-antibodies of heinolytic anemias differ 
from the normal cold auto-antibodies. This would be 
in keeping with the different riiode of origin of the 
two types, which are  thought to arise from auto-im- 
munization and heterogenetic bacterial stimuli, respec- 
tively. It would be difficult to confirin this by aggla- 
tinin-linkage studies, because the various red cells used 
for  absorption would act in a similar manner upon 
both these types of antibodies. 

Wiener ( 5 )  has emphasized that there is a slender 
line of demarcation between isoagglutinins and cold 
agglutinins. This is undoubtedly so, but there does 
seem to be a difference in their behavior when ab- 
sorbed in the cold with 0 cells. 
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Motor Nerve Filament Block Produced 
by Botulinum Toxin1 

Vernon B. Brooks 
Depar tmen t  of Physiology, 

McGill  Un iver s i t y ,  Montreal ,  Canada 


Burgen, Dickens, and Zatman ( I )  have shown that 
during the neuronluscular paralysis prodaced by 
botnlinum toxin (type A) excitation of a nlotor 
nerve releases no acetylcholine (ACh) from its 
muscular terminals. This finding could be explained 
by assuming either that the toxin blocks motor nerve 
terminals just proxinlal to the site of ACh-release. 
or that it  interferes with the process of release itself. 
Experiments were carried out to  decide between the 
two alternatives, using the cat's gracilis muscle i a  
situ ( 2 )  and the guinea pig's excised serratus muscle 

IThis  work will be reported in full a t  a later date. The 
project was supported by a grant from the Defence Research 
Board of Cann(1n. 


