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EFFECTS OF ENVIRONMENT UPON BRAIN BIOCHEMISTRY 

Edward L. Bennett, Hiromi Morimoto, Ann Ohlander, Nancy Dye, 
and Charles Longueil 

(In collaboration with Professors David Krech and Mark R. Rosenzweig, 
Departmen_t of Psychology, University of California, Berke ley, California) 

In previous Quarterly Reports we have discussed possible relationships 
between brain biochemistry and behavior in rats, l Correlations have been 
shown between several types of maze behavior and the cortical cholinesterase 
(ChE) activity in different strains of rats. We are now studying effects of 
environment upon brain biochemistry, with primary emphasis at present on 
ChE activity. This research is directed at the general question: "Can 
effects of learning be found in relatively long-lasting changes in the brain 7 11 

It is generally considered that learning involves structural changes, and 
though the search for 'such changes has been the preoccupation of many 
experimenters and theorists, the complexities of the anatomy of the nervous 
system seem so far to have prevented the detection of such changes, A 
biochemical analysis which can integrate changes over thousands of neural 
units may provide an entering wedge by which the nature of these changes 
may be determined. 

As a testable hypothesis, we suggested that training and experience 
would lead 'to an in::rease in ChE activity in the brain. This hypothesis was 
derived from the following reasoning: Training undoubtedly involves an 
increase in the amount and changes in the pattern of neural transmission. 
Increased neural transmission would be expected to lead to increased release 
of acetylcholine (ACh) at some synapses.· This increased release of ACh 
would be expected to lead to a compens(itory rise in ChE activity (injection 

1 . 
Edward L. Bennett, Hilda Roderick, Ann Ohlander, Thomas H. Roderick, 

Hiromi Morimoto, and Charles Longueil, in Chemistry Division Quarterly 
Report, UCRL-8575, Dec. 1958, p. 34. 
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of ACh into tissues has been shown, under ·some circumstances, to result 
in such a rise in ChE <tctivity). Thq.s, the heightened neural activation in
volved in training might lead to increased ChE activity: • 

To test our hypothesis, \\fe had to determine whether changes in 
ChE activity could, be· d~tected as a cot1sequence of training. In an initial 
try at this problem, we tabulated aU our brairi data ace or ding to the be
haviora 1 tests that the animals had undergone: Behavioral tests make 
different demands ~pon the .:stibjett'$,. and we ·wondered whether differences 
in ChE activity might appear .among thes~ groups of animals which had been 
tested differently. The behavioral tests were arranged in an a priori scale 
of increasing difficulty~ It was found for both the S 1 and S3 rats l that the 
animals tested on the "more difficult'' tests appeared to have slightly higher 
ChE activity than animals which had been tested on "easy" tests. 

. . . . . . . . ~ 
Animals tested on th,e. ''umweg'' apparatus had the largest apparent 

increase in ChE activity, Therefore, additional animals were tested on the 
umweg apparatus, and an-untested littermate control for each rat was re
tained with which to compare GhE activity. The results of these tests, 
based on 15 pairs of S1 rats. arid 10 pairs ot.S3 rats, are summarized in 
the top row of Table I.· Ea,chvalue is. the difference between the mean of the 
experimental and the mean of the control animals. It will be seen that there 
were significant differences between experimental and control animals in 
the ChE activity of both the somesthetic cortex and the subcortex. 

These results are in agreement with our hypothesis that experience 
increases ChE activity, but we, realized that the results obtained might be 
due to other factors involved in the experiment.. :For one thing, the experi
mental rats are handled more than the control animals, and this treatment 
has been shown to a:(fect certain physiological variables. In addition, the 
rats are fed only once a day in the test apparatus throughout training and 
testing, and they are maintained on this schedule for 23 days. Over most 
of this period their bodyweight is about 75% of the initial body weight. The 
possible effects of these weight differe'nces upon ChE activity become a 
matter for concern, especially when it is noted that the brain weight of the 
experimenta 1 animals was significantly lower than that of the controls. It 
was decided, therefore, to do control experiments to test the effects of 
handling and of deprivation upon ChE activity and brain weight. 

The po~sibLe effects of handling were tested in one experiment. 
Animals were handled two minutes a day for either 31 or 61 days; this treat
ment was started the day after w.eaning .. ~ittermate controlanimals were 
never touched during ~his period, since au animals lived in cages that did 
not require changing. The results of the ChE analyses are presented in 
Row 2 of Table I. It appear·s ·that handling, if it has any effect, lowers ChE 
activity. 

2 
D. Krechevsky, J. Comp. Psychol. 25,. 145 (1938). 
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Table I 

Effect of various treatments on brain cholinesterase activity and brain weight 

Strain Treatment 

1. s1 & s3 Umweg 

2. s 1 & s
3 

Handling 

3. s 1 & s
3 

Underfeeding 

4. s 1 
Play and 

training 

N 
(pairs) 

25 

24 

23 

8 

Experimental minus Control (relative units -- percent 
change in parentheses) 

C~~olinesterase Activitya 

Visual Some sthetic Subcortex 
cortex cortex --

0.98(1.6%) b 
4.07 (6" 11/o) 5.00c(3.1o/o) 

-l.78d(-3.2%) -0.21 (-0.3%) -l.Ol(-0.1%) 

0.67(1.2%) 2.43(3.5%) 0.04(0.0%) 

1.3,1 (2.1 %) 4.65 c (6 A%) 10.63c(6.0o/o) 

Brain 
weight 

(mg) 

-68(-4.2%) 

- 3(0.2%) 

-60c(-3.9%) 

-28(-1.8o/o) 

aThe difference in ChE activity is expressed as the difference in m1its of acetylc 
min/mg of wet weight of tissue. 

hydrolyzed/ 

bLevel of significance P = .001 

cLevel of significance P = .01 

dLevel of significance P = .05 

I 
Ul 

c 
() 
~ 
t"' 
I 

00 
0" 
-.!) 
c;p 
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An underfeeding experiment was run as a control on the urnweg ex
perirnenL The results are given in the third row of Table L The loss in 
brain weight from the control level was clearly comparable in the urnweg 
and underfeeding experiments. None of the ChE measures showed a signif
icant increase due to underfeeding. ·It must be noted, however, that the 
differences between Row 1 and Row 3 are not significant except for the sub
cortex. For the subcortex, the urnweg situation caused an increase in ChE 
activity that cannot be attributed to underfeeding. For the cortex, however, 
we cannot conclude .from the present data that the urnweg test had a signif
icantly greater effect than could be attributed to underfeeding alone- -it is 
possible that the cortical results with the urnweg represent a summation of 
effects of deprivation and learning. 

We can now conclude that the urnweg treatment has produced a rise 
in subcortical Ch,E activity that cannot be attributed to either underfeeding 
or handling. This is the first time it has been dern onstrated, to our knowl
edge, that experience in a learning situation can produce a relatively long
lasting change in brain chemistry. This result suggests many further experi
ments, and the following, which we have carried out, is one type of many 
that can be suggested. 

Selected rats are now being given an "education." These are male 
rats of the S1 strain. They were put in "nursery school" as "boarders" 
at weaning, 10 rats in a large cage with toys that were changed daily. Each 
day the rat1 also spent 30 minutes, 5 at a time, in the Hebb- Williams 
Apparatus, and the pattern of barriers was changed daily. No reward was 
present. In both the horne cage and the maze, the young rats were frisky 
and playful, tumbling over one another and playing tag. When they became 
older, the rats were 1iven formal training. They were run for 28 days in 
the Lashley III maze, one trial a day, with a small glucose pellet as a 
reward. Then they were run for 12 days in the Krech Hypothesis Apparatus, 3 • 4 

two trails a day; at first all the lighted alleys were correct, then the dark 
alleys, and finally, the lighted alleys again. Meanwhile, control litterrnates 
led the usual restricted cage life, three to a small cage. When the experi
mental animals received sugar pellets during training, the control animals 
received sugar pellets in their cages. Both experimental and control rats 
had chow pellets and water ad lib. We are now further restricting the 
experience of current groupsoTC:ontrol·rats by raising them singly in a 
cell block where they cannot even see another raL 

At about 105 days of age, the experimental and control rats were 
sacrificed for chemical analysis. The results are shONn in Row 4 of Table I. 
There are significant increases in the.ChE activity in both the subcortex and 
the sornesthetic area of the cortex. The order of effect from area to area 
is the same as in the urnweg experiment, the subcortex showing the greatest 

3 
Edward L. Bennett, in Chemistry Division Quarterly Report, UCR L-3351, 

March 1 9 56, p. 14. 
4
0. Krech, M. R. Rosenzweig, and E. L. Bennett, J. Cornp. physiol. 

psychol. 49,261 (1956). 
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gain, the s orne sthetic area an intermediate gain, and the visual cortex the 
least gain of alL This experiment is further confirmation that changes in 
brain chemistry accompany training. 

These somewhat preliminary results suggest that this type of experi~ 
ment may have considerable potential value for the understanding of the basis 
of processes involved in learning. We have several additional experiments 
planned and in progress to explore these observations further: 

(a) Rats of several strains are being raised in enriched or impoverished 
environments to see whether similar effects will be produced for all strains 
or whether there will be an interaction between strain and training. For ex
ample, will a low-ChE strain show a greater effect of training than a high-ChE 
strain? We also want to determine whether, through training, rats of a lo"w·
ChE strain can be given the ChE level of naive rats of a high-ChE strain. 

(b) This traiping, involving about 80 days of varied experience and 
activity, was designed to maximize the possibility of obtaining relatively 
sizable effects. If generally positive results are obtained, it will be de
sirable to ~ry to ascertain the crucial aspects of the training situation. For 
example, the effects of training adult animals on single problems besides 
the umweg situation will be determined. Some experiments of this type are 
in progress. 

(c) Among the factors not yet controlled. in our studies is that of 
sheer muscular activity. Any study ofanimal learning necessarily involves 
responses. Nevertheless, it should be possible to equate fairly closely the 
amount and type of activity for two groups, one learning a. very simple 
problem and the other a complex problem. · 
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ATTEMPTED POLYMERIZATION OF 
RIBONU:C LEOTIDE TRIPHOSPHATES 

·Susan Vaughn: 

UCRL-8698 

The enzymatic polymerization of mononucleotides,. even to the extent 
of forming nucleiC: acids, has been r·eported in the literature, 1 • 2 · The pur
pose of the research reported here is to try to detect the polymerization of 
m ononuc leotides in solution without an· enzyme.··. This experiment is related 
to the problem of the formation of the nucleic acids before life existed oh · 
the earth. 

···The experimentation began simply enough but has since<grown in 
complexity. The starting ruateria·l was a solution of ATP (ade'nosine triphos
phate) in a homemade simulation of sea water.· Two batc.hes of. sea water · 
were made up,. both containing sulfate, chloride, -bicarbonate, potassium, 
calcium, sodium, and magnesium ions, and boric acid; one .batch contained, 
in addition, manganese ions. The metal ions were to serve as catalysts for 
the reaction. Each solution of nucleotide material was adjusted to ·pH 6.5 
to 7.0 in order to avol:d hydrolysis. Over a period of 3 weeks the extent of 
hydrolysis of such a s·olution ofATP, as checked with a pH meter and by 
titration, was apprciximately5o/o. 

The first method of detection used was the measurement of optical
density at 260 mfl with a Cary Model 14 spectrophotometer. From 5 to 30o/o 
increases of absorption have been reported on depolymerization of nucleic 
acids. ~ Therefore, one might expect a decrease in absorptiori if polymeriza
tion occurred. Solutions of approximately 8 mg/ml of ATP in absorption 
cells. of path length 0.05 mm were used. The·sea water solutions remd.ined 
in the .cells for approximately 2 weeks and the optical density was -taken 
twice a day. When no significant change in optical density of the ATP solutions 
was observed, solutions of a mixture of the two nucleotides, ATP and GTP 
{guanosine triphosphate), were tried. However, this also resulted in no 
significant change in optical density. 

The second method of detection tried was the measurement of optical 
rotation with a polarimeter attached to a Beckman DU spectrophotometer. 
One would expect that the specific rotation of polynucleotides would be 
significantly larger than that of the monomers because of the gr.eater 
structural complexity. Several different experiments were run, using 
solutions of ATP alone, and of a mixture of ATP and UTP (uridine tri
phosphate). Each solution remained in its polarimeter tube for about 2 weeks 
and the optical rotation from wave lengths 350 to 600 mf.L at intervals of 25 mfl 
was read approximately once a day. In every experiment, at each wave length 
there was no significant change in optical rotation with time. 

1
Bessman, Lehman, Simms, and Kornberg, J. Biol. Chern. 233, 171 (1958). 

2 
Grunberg -Manago, Ortiz, and Ochoa, Science 122, 907 (1955). 

3
G. H. Beaven, E. R. Holiday, and E. A. Johnson, The Nucleic Acids, 

Vol. I (Academic Press, Inc., New York, 1955), p. 519. 
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The next method of detection used was viscosity. Several Ostwald-
type viscomet~rs were constructed according to the method of Schachman. 4 

The viscometers were immersed in a water bath, the temperature of which 
was constant within 0.01 to 0.03°. The outflow of the liquid was timed with 
a stopwatch that could be read to hundredths of a second. Several experi
ments were run in which each solution (40 to 50 mg/ml of nucleotide material) 
remained in its viscometer for about 2 weeks, and the viscosity was determined 
approximately once a day. One solution consisted of a mixture of ATP, UTP, 
and GTP in sea water plus some added triethanolamine. Bendich et al. have 
reported the repolymerization of oligonucleotides from a hydrolyzate of DNA 
(desoxyribose nucleic acid degraded by the enzyme DNase) after they had 
been in contact with an "ECTEOLA"-celulose column;5 one of the components 
of the ECTEOLA treatment is triethanolamine. 6 Therefore, this compound 
was added to the nucleotide solution to help catalyze polymerization. Another 
solution in the sea water ~triethanolamine solvent consisted of ATP plus 
material from a hydrolyzate of RNA (ribose nucleic acid degraded by the 
enzyme RNase). The oligonucleotides from the hydrolyzate would perhaps 
act as a primer for the polymerization reaction. Although in each experi-
ment the outflow time of the solution did change over the 2 -week period, 
resulting in a 1 o/o increase in viscosity, this was not considered a significant 
change, especially since during the 2 weeks the solvent tended to evaporate 
on the walls of the viscometer. 

An attempt to detect polymer by means of paper chromatography was 
also made. Samples from the mixture of ATP, UTP, and GTP used in the 
viscosity experiments were applied to a chromatogram once a day over a 
period of about 1 week. The solvent used was phosphate buffer at pH 6.8, 
ammonium sulfate, and n-propanol, 100:60:2 by volume. 7 It was assumed 
that any polymer present would remain near the origin. Thus, since these 
mononucleotides move more than halfway down the chromatogram, polymer 
should be easily detected. However, under ultraviolet light no spots were 
detected near the origins of the chromatograms. 

In summary, an attempt has been made to polymerize ribonucleotide 
triphosphates without using an enzyme but by using metal ions and triethanol.
amine as catalysts and oligonucleotides as a primer. However, optical 
density, optical rotation, viscosity, and paper chromatography as means 
of detection have so far failed to show the presence of any polymer. 

4 H. K. Schachman, in Methods in Enzymology, Vol. IV (Academic Press, 
Inc., New York, 1957), p. 95. 
5Bendich, Rosenkranz, and Beiser, IV. Interntl. Congr. of Biochem. 
{Pergamon Press, Ltd., London, 1958), .Abs. 3-5, D. 29. 
6E. A. Peterson and H. A, Sober, J. Am; .... Chem. 'Soc. 78, 751 (1956). 
7 . .· . . 
Pabst Laboratories, Circular OR -10, Jan. 1956, p. 20. 
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BIOSYNTHESIS OF OPIUM ALKALOIDS 

Henry Rapoport and FrankR. Stermitz 

Morphine and codeine were isolated from an opium popp1.f.lant 
(Papaver somniferum) which had absorbed 23.7 millicuries of C 0 2 during 
5 hours. The morphine was found to have a specific activity of 162,000 
dpm/~J.mole, whereas the codeine had a specific activity of 1,400,000 dpm/!JmOle. 
These activities are in the same ratio as obtained previously. l · The thebaine 
is being purified of other radioactive contaminants. The alkaloids from this 
run should be sufficient (with the possible exception of thebaine) to determine 
completely the relative amounts of radioactivity incorporated in all the 
N-methyl and C -methyl groups. 

Two additional plants of identical age and size absorbed 23.7 and 
23.5 mC of c 14o2 respectively during 2 hours. The plant extracts were 
combined and will be worked up together in order to isolate alkaloids in 
sufficient amounts for more extensive structural degradation. 

1
Henry Rapoport and Frank Stermitz, in Chemistry Division Quarterly 

Report, UCRL-8575, Dec. 1958, p. 32. 
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THE EFFECT OF D 2 0 ON CROSSING-OVER IN DROSOPHILA 

Ann M. Hughes 

In most species, chromosomal crossing-over occurs only in meiosis 
(the maturation division in ova and sperm). However, in Drosophila flies, 
crossing-over can also take place during mitosis, a phenomenon known as 
"somatic crossing-over." In a continuation of the study of the genetic in
fluence of D 20, 1 the effect of D 2 0 on both kinds of crossing-over has been 
studied. 

To study meiotic crossing-over, Canton females were mated with 
y-cv-v-f (yellow, cross -veinless, vermilion, forked) males, and allowed to 
lay eggs on 20% D 2 0 media or normal media. Females of the F1 generation 
were mated with normal y-cv-v-f males and allowed to lay eggs on normal 
media. The F 2 generation was examined for crossing -ov~r. In an examination 
of 3174 control flies and 3499 treated flies, no difference was found in the 
crossing-over rates between the two groups·. However, in a comparison 
of the total numbers of flies obtained in each group there is evidence of a 
dominant lethal in the experimental group. The average number of flies 
per bottle for the two groups is as follows: 

Control 
Experimental 

Total 

176 
159 

Females 

91 
77 

Males 

85 
82 

The difference in total flies per bottle is statistically significant. Also, the 
apparent shift in the sex ratio could be caused by a phenomenon known as 
"nondisjunction," in which the two X-chromosomes fail to separate during 
meiosis, thus causing eggs to have either both X-chromosomes or none. 
From such a situation flies may be obtained which look like males, but are 
not really males, since they have one X-chromosome and no Y -chromosome. 
Experiments are in progress to test this hypothesis. 

H Canton flies are mated with w (white eyes) flies, the F 1 females 
are heterozygous. If chromosomal crossing-over occurs during the mitotic 
divisions associated with eye-development, it will be evidenced by white 
spots in the normally red eyes of heterozygous females. To study whether 
D 2 0 increases this type of eros sing -over (somatic), Canton females were 
mated with w males and allowed to lay eggs on either 25%-D20 media or 
normal media. Thus the larval stages, in which most of the eye develop
ment occurs, have taken place entirely on the D 2 0 media. From these two 
stocks, adult females were harvested and each eye carefully examined under 
2 7x magnification. The number of eyes showing white spots was as follows: 

Control 
Experimental 

No. eyes 
examined 

2106 
1964 

No. white 
spots 

15 
15 

o/o somatic 
eros sing -over 

0. 71 
0. 76 

1 
Ann M. Hughes, in Bio-Organic Chemistry Quarterly Report, UCRL-857 5, 

Dec. 1958, p. 32. 
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It is evident that under the conditions of our experiment, D20 does not in
crease somatic crossing -over; Howev·er, in order to insure complete 
saturation of not only the larvae, but also the. ova and sperm, the experiment 
is being repeated with a modificationo The modification consists of growing 
the parental Canton and ~ flies on 25o/o D 2 0, as well as the F 1 gen~rationo 

In an examination of the flies in the above experiment a developmental 
anomaly was observed, namely, an imperfect fusion of the tergites, result-, 
ing in a condition which we have designated "abnormal abdomen. u~ The data 
for this phenomenon are: 

No. flies Noo of abnormal o/o abnormal 
examined abdomens abdomens 

Control 1053 23 2o2 
·Experimental 982 110 1L5 
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ELECTRON-SPIN RESONANCE STUDIES OF 
IRRADIATED CHOLINE CHLORIDE 

Bernice Fingerman and Richard M. Lemmon 

UCRL-8698 

In connection with the work being carried out in this laboratory on 
the radiation sensitivity of choline chloride, we have continued the electron
spin resonance (ESR) studies of irradiated crystalline choline chloride under 
various conditions. Choline chloride irradiated with 3 -Mev electrons at 
liquid nitrogen temperature and observed at room temperature has been found 
to exhibit a five-line ESR spectrum. 1 The distribution of the intensities of 
the five lines was such that it is probable that more than one kind of radical 
is present in the irradiated crystals. Therefore, we have examined the 
ESR spectrum of choline chloride irradiated at -196 ° and kept at that same 
temperature in cavity of the ESR spectrometer. We hoped thereby to obtain 
a better resolution of the spectrum by increasing the spin-lattice relaxation 
time at lower temperature, ir perhaps even to observe yet another radical, 
which might disappear when the sample is warmed to room temperature. 
However, the result of working at the lower temperature was an apparent 
loss of motional narrowing and therefore a broadening of the lines of the 
spectrum, rather than better resolution. The general pattern was the same 
as had been. observed at room temperature. 

Again in the hope of achieving better resolution of the spectrum, we 
used similarly irradiated "single" crystals of choline chloride in the ESR 
spectrometer. From a mass of crystals of choline chloride slowly re
crystallized from an alcohol-ether mixture, an individual needle like crysta 1 
was chosen by the unaided eye, sealed in a tube under 50 microns pressure, 
and observed under a microscope for the extent of imperfections in the 
chosen crystal. Sealing the crystal in the tube was a necessary first step 
since choline chloride is extremely hygroscopic. ' For this work we used 
tubes 2 mm id, with the bottoms blown in such a way that the single needle
like crystal was constrained so that it always lay with its longitudinal axis 
perpendicular to the axis of the tube. The crystal then could be oriented 
within the magnetic field by rotating the tube. When the single crystals 
were irradiated with the electron linear accelerator and observed with the 
ESR spectrometer at room temperature, different spectra were observed 
for different orientations of the crystal (Fig. 1). With the transverse axis 
of the crystal parallel to the magnetic field, the same five-line spectrum 
(Fig. 1, bottom line), with essentially the same distribution of intensities 
among the lines, was observed as had been observed previously with the 
polycrystalline samples of irradiated choline chloride. However, when the 
longitudinal axis of the crystal was parallel to the magnetic field, a spectrum 
of approximately thirteen lines {still not completely resolved) was observed 
(Fig. 1, top line). The five- and thirteen-line spectra covered the same 
width in gauss. The only position observed between these two orientations 
{differing from each other by 90°) was a rotation of 45°; this gave the same 
five-line spectrum again. There is no obvious explanation of these 13{or more) 

1
R. 0. Lindblom and R. M. Lemmon, in Bio-Organic Chemistry Quarterly 

Report, UCRL-8204, March 1958, p. 5. 
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MU -l6870 

Fig. 1. Electron-spin resonance· spectra at room temperature 
of an irradiated single crystal of ~holine chloride. Top line: 
longitudinal axis paralle 1 to the magnetic field; bottom lin:e: 
transverse axis parallel to the magnetic field. 
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lines. The different spectra may have resulted from a preferential orien
tation of the unpaired spins within the unit cell, and therefore within the 
crystal, or they may have resulted from differing crystalline field effects 
along the two directions" To obtain a better picture of these possible effects, 
we have constructed a three-dimensional model of the unit cell (containing 
four molecules) of choline chloride, according to the X-ray data of Senko. 2 

The noticeable absence of symmetry in the unit cell, and the complexity of 
the organic crystal, made conclusions from the model very difficult. 

We also investigated the possibility that going to lower temperatures 
might give a better resolution of the spectrum of the single crystal. There
fore, again a single crystal of choline chloride was irradiated with the 
electron linear accelerator, but now observed at liquid nitrogen temperature 
with the ESR spectrometer. {In each of these experiments, three or' four 
samples were observed, and all showed similar results.} As with the 
polycrystalline material, essentially the same two spectra were observed, 
with some loss of resolution--probably due to some loss of motional nar
rowing at this lower temperature. That is, with the transverse axis of the 
crystal parallel to the magnetic field, a somewhat smeared-out five-line 
spectrum was observed, while with the longitudinal axis parallel to the 
magnetic field, a poorly resolved multiline spectrum showing about 11 lines 
was observed" However, when the liquid nitrogen temperature-control 
apparatus was removed from the resonant cavity_ and the sample warmed to 
room temperature, the same five- and thirteen-line spectra of better res
olution were observed" 

Since loss of resolution due to loss of motional narrowing has been 
observed when temperature was lowered, it might be hoped that resolution 
would be enhanced by going to a higher temperature. The limitations on 
higher -temperature observations are: (a) there is a phase transition from 
orthorhombic to face -centered cubic at about 73 °, 3 and (b) the half life of 
the free radicals will be significantly reduced at the higher temperatures" 
We propose to try the experiment at 50°, using a stream of dry, warmed 
nitrogen. 

2 
M. Senko, The Crystal Structures of a Triazole and Choline Chloride 

(Thesis), UCR L-3521, Sept. 1956. 
3
R. L" Collin, J. Am" Chern. Soc. 79, 6086, (1957). 
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A CARBON.:.14 STANDARD FOR LIQUID SCINT.ILLATION COUNTING 

Irville M. Whittemore and Sally Jones 

The technique of liquid scintillation counting is one of the most 
versatile analytical tools yet developed for the detection of isotopes emitting 
soft beta radiation. 1 Virtually any sample may be incorporated in a liquid 
scintillation solution with a minimum of effort. Successful counts have been " 
recorded even with insoluble solid samples. 2 

The counting efficiency of a liquid' scintillation sample is a function 
of three factors: (a) the composition of the sample, (b) the over -all gain 
of the detection system, and (c) the levels of discrimin·atiort chosen to 
separate the noise from· signaL The latter two factors can be quite easily 
controlled, and it is only the composition of the solution that is apt to be 
variable. This variability can be controlled by the use of ari internal 
standard. In this technique, the unknown is dissolved in the liquid scin~ 
tillation solution and counted. To this mixture there is added a small 
quantity of material (the "standard") containing a known amount of radio
activity of the same type as the unknown. The sample and standard are then 
counted and the increase in the counting rate divided by the known amount 
of activity added gives the efficiency, This technique assumes that the 
small amount of standard added does not materially change the composition 
of the original sample and hence does not change the efficiency, 

The problem of deciding what material to use for a carbon-14 scin
tillation standard in our laboratory was governed by a number of factors. 
The easiest and fastest method of adding the standard appeared to us to be 
the micropipette, As the scintillation solutions that 'we normally lf~e are 
at least ~Oo/o toluene, we began with a solution of benzoic acid-1-C in 
toluene. 

It soon became apparent that this would not be satisfactory for our 
purposes. First, the benzoic acid, which must be present in moderate 
quantities, 4 reacted with some of the samples that we had to count. Secondly, 
the concentration of benzoic acid in toluene kept increasing because of 
evaporation of the toluene. As many people in our laboratory were using 
this standard, it was difficult to control the amount of

1
tjme that the standard 

bottle was open to air. Therefore, some tolueRe -1 -C was purchased, 
distilled, and diluted to an activity of 1.40X10 dpm/ml with reagent 
toluene, This has proved a very satisfactory standard for our work. 

1
For example, see J. D. Davidson and P, Feigelson, Internl. J, AppL 

Radiation and Isotopes 2, No. 1, 1 (1957), 
2c. G. White and S. H:lf, Nucleonics 14, No, 10, 46 (1956). 
3
Williams, Hayes, Kan~el, and Roger;-Nu~leonics 14, No. 1, 62 (1956). 

4
F. N. Hayes, Betty S, Rogers, Phyllis· Sanders, Robert L, Schuch, and 

D. Lloyd Williams, Liquid Solution Scintillators, LA-1639, Oct. 1953 
p, 70. 
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Normally, 0.025 to 0.100 ml of this solution is added to a previously counted 
unknown sample of about 10 ml total volume. As this small amount (lo/o or 
less of the total volume) of toluene is the same material as one of the major 
constituents of the scintillation solution, the solution 1 s composition is 
essentially unchanged. Evaporation of the toluene will not change its 
specific activity except by a possible isotope effect. This effect is extremely 
small. 

The specific activity of the toluene standard was determined in the 
following way: Normally, we count c14 under conditions of gain and dis
crimination that yield an efficiency of up to 85%. These conditions are 
optimal in terms of the ratio of counting rate to background, and in counter 
stability. We have known, however, that increased efficiency was easily 
obtainable bij" increasing the counter gain and removing the upper discrimin~ 
ation level. We have also recognized that a definite plateau in the counting 
rate is reached beyond whichfurther increases in gain will not yield signifi
cantly higher counting rates. (It is possible to increase the gain on the 
multiplier phototubes to the point that coincident double pulsing occurs. In 
our instrument this point is detectable by means of a cathode-ray oscilloscope, 
and phototube gains are held below these levels.) We have also found that 
small changes (positive and negative) in counting geometry do not change 
the counting rate from the plateau. Because of our inability to effect an 
increase in counting rate beyond a certain level with any given sample, it 
was cone luded that all C 14 disintegrations that yielded enough photons to 
trigger a pulse in our instrument were being counted. This left the problem 
of how many disintegrations were occurring which were not yielding a 
sufficient number of photons to give an effective pulse. Substitution of a 
phosrhor solution having a hi~her photon yield than our standard solution 
(4 g/1 p-terphenyl + 100 mg/1 POPOP6iristead of 4.5 g/1 PP07 + 100 mg/1 
POPOP)8 did not increase the counting rate significantly. As noted above, 
increasing the geometry did not increase the counting rate. Analysis of 
the pulse -height spectra in the region of the lower discriminator indicated 
that there were very few pulses in this region. AU these facts indicate 
that nearly all the disintegrations have yielded counted pulses. 

A further test was used. Tritium was counted under the same 
conditions that appeared to yield quantitative counting of c14. Under these 
conditions, the tritium was counted with an efficiency of approximately 50%. 
Using the data of Marshall, 9 one can calculate that the median energy of the 

_tritium beta particle is approximately 5 kev. Again according to a curve 
calculated from the data of Marshall, it appears that approximately 5o/o of 

5
The counter used in this work was described by E. M. Baker and F. Vogelsberg 

in Chemistry Division Quarterly Report, UCRL-3240, Dec. 1955, p. 28. 
6

1, 4-bis (2 -(5 ~phenyloxazolyl) )benzene 
7 

2, 5 -diphenyloxazole 
8 

Swank, Buck, Hayes, and Ott, Rev. Sci. Instr. 29, No. 4, 279 (1958). 
9 J. H. Marshall, Nucleonics 13, No. 8, 34 (1955). 
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the C 
14 

disintegrations have less than this energy. Therefore, it would 
appear that approximately 95o/o of the C 14 disintegrations are countE:<d under 
the counting conditions described. One may then apply this factor to the 
counting rate observed to get the true (absolute) disintegration rate. 

There is a caution that one should take when using internal standards 
with liquid scintillation counters that utilize freezers for cooling the photo
tubes. If the standard is added to the sample immediately after the sample 
is removed from the freezer, water may conde~se in the sample and thus 
change the ,counting efficiency. It seems to be best to warm the sample to 
room temperature before adding the internal standard. 

·: 
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STEADY-STATE STUDIES IN PHOTOSYNTHESIS 
,/ 

James A. Bassham, Martha R. Kirk, and Theresa L. Andrews 

The studies of t~e4£ixation and reduction of carbon dioxide during 
photosynthesis, using C as a tracer, 1 have been continued. The principal 
experimental difficulties have stemmed from the problem of finding a buffer 
and nutrient medium adequate to maintain the photosynthesizing algae at a 
constant rate of photosynthesis and at a constant pH over a period of an hour. 
Effective pH control results in the introduction of salts into the subsequently 
obtained algal extract that seriously interfere with the two-dimensional paper
chromatographic analysis of the products of photosynthesis. 

Reasonably constant rates of photosynthesis have been obtained over 
a period of 30 minutes, with a change in pH during this time from 6.5 to 7 .0. 
Unfortunately, the effective volume of the system (including dissolved C02 
and bicarbonate) is very sensitive to pH changes for the nutrient solution 
used, and this has intro_fuced uncertainties into the calculation of the over
all rates of C02 arid c 1 uptake. It has therefore not yet been possible to 
equate the measured uptake of C02 with the rate of flow of C 14 through the 
various biochemical intermediates, although this is one of the goals of these 
studies. 

Despite these difficulties, several steady-state studies have been 
performed under conditions modified but slightly from those reported pre~ 
viously, and the semiquantitative results of these experiments are of interest 
i~ ~esigning future, more exact experiments. The rates of appearance of 
C in the various intermediate compounds lying between C02 and the 
storage products of photosynthesis have been used to obtain a lower limit 
of the rates of flow of carbon through these compounds under conditions of 
steady-state photosynthesis. The data necessary to make such calculations 
come from counting the radiocarbon in the various co~~ounds obtained from 
the photosynthesizing algae that had been exposed to C 02 for short intervals 
(10, 20, 30, 40, and 60 sec, etc.) to obtain the net labeling rate, and the 
radiocarbon found in the same compounds after 10 to 30 minutes, by which 
time the compounds are "saturated" with C 4 and are no longer increasing 
in label. The rate of flow of carbon through a compound whose precursor 
is completely labeled (such as phosphoglyceric acid) may be approximately 
calculated by correcting the rate of loss of label: 

(I ) 

where Rt == total rate of flow of carbon through the compound, 

R 1 = rate of labeling (which must here be given in total carbon corresponding 
to a given amount of cl4 in the C02 ), 

A = radioactivity at time t, and 

As = radioactivity at saturation. 

1 
J. A. Bassham and M. Kirk, in Bio-Organic Chemistry Quarterly Report, 

UCR L-8204, March 1958, p. 24. 
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If the precursor is known, and also its specific acti.vity (if noLsaturated) 
the rate of flow of carbon through the compound becomes .. 

Rt=R 1 (A /A )+Rt(A/A ), . ps p s 
(2) 

where A = radioactivity of precursor at timet, 
p 

Aps = radioactivity at saturation. 

One important assumption inherent in the above equations is that.the 
radioactivity of the measured reservoir of the intermediate compounci re
presents the radioactivity of carbon converted from that intermediate com-. 
pound to the next intermediate compound. This assumption is not true, of 
course, if there is more than one labeled reservoir of a given intermediate 
and if equilibration between the two reservoirs is not rapid compared with 
the rate of conversion from one intermediate to another. · · 

The experiments performed thus far, viewed quantitatively seem 
to indicate that the hexose and heptose monophosphates are formed at a rate 
too great to permit their· sole derivation from PGA. However, there would 
be no compelling reason to accept this interpret'ation' of the data until it 
could be shown that the reserv.oir of PGA is completely equilibrated with the 
radiocarbon passing through the reservoir. Furthermore, the rate of uptake 
of C02 by the plant is so rapid (- 20 f.Lmoles of carbon per min per ml of 
wet-packed algae) and the size of the carbon~ reservoir represented by the 
carboxyl carbon of the PGA is so small (-1 !+mole carbon per ml of algae), 
that this PGA "carboxyl pool" might be saturated before the time of the 
first experimental point (10 sec): In order to investigate this possibility,· 
further experiments are plannedin which the rate of photosynthesis is re
duced _{lower temperature and light intensityt and the earliest point is taken 
5 seconds or less after the introduction of C 4 0 2 . 

Oth~r results of these preliminary experiments indicate that the rate 
of incorporation of C 14 directly into several important amino acids (alanine, 
serine, aspartic acid, glutamic acid, and glycine) accounts for an appreciable 
part of the carbon flowing into the photosynthesizing plant -- perhaps 30o/o 
or more. Since these compounds may serve as precursors for many other 
amino acids, it appears that the greater part of photosynthesis of amino 
acids and proteins from C02 proceeds in the light without the intermediate 
formation of free sugars or other carbohydrates. 
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SEARCH FOR UNSTABLE C02 FIXATION PRODUCTS IN ALGAE 
BY USE OF LOW-TEMPERATURE SCINTILLATORS 

Zofia Kasprzyk 

In an earlier study of photosynthesis in algae, several killing pro
cedures were examined and compared. 1 Since the methods studied did not 
give any different results, killing with boiling ethanol followed by extraction 
with water was adopted as a standard procedure. In the work published in 
1957-582,3,4 a higher total fixation of cl4 seemed demonstrable when 
photosynthesizing green algae (Scenedesmus or Chlorella) were killed by 
the pouring of their suspension into deeply cooled organic solvents (acetone 
or ethanol} than when they were killed by the usual procedure employing 
boil.ing ethanol. The percentage difference between the two killing methods 
was greater in shorter periods of photosynthesis. 

Preliminary killing experiments performed at temperatures between 
0° and -70°C showed that the most reproducible results were obtained be
tween -20° and -40°. At temperatures near 0° one does not observe great 
differences from the normal procedure, and at lower temperatures ( -70°) 
ice formation makes the manipulation difficult. There was very little 
difference between the two solvents at 0° for 30 -second and 2 -minute photo
synthesis periods. For the 5-second photosynthesis periods followed by 
killing at 0°, the ratio of the fixed activity found after alcohol killing to that 
found after acetone killin5 was 0. 78; for the 2 -minute photosynthesis periods 
followed by killing at -25 , it was 0. 70. Moreover, in the experiment with 
boiling ethanol, one could recover, within the range of error of the method, 
the total radioactivity of the original suspension in the extract and in the 
insoluble residue. But when the acetone suspension was separated by 
filtration into the acetone-soluble material and the residue, and the latter 
washed with water and 95% ethanol, the sum of the activities of the two 
fractions was found to be less than the original total activity. The losses 
as percent of the total were greater for shorter periods of C02 assimilation 
and at lower temperatures. Since it was suspected that this might be due to 
losses of C02 during the filtration process, an absorption vessel containing 
Ba(OH)z was attached to the suction flask. The activities found in the 
precipitated BaC03 not only covered the deficit in the experiments but also 
in some cases were higher. From these preliminary experiments showing 
the differences in the total fixation between algae killed with hot ethanol and 
cold acetone, as well as the loss of activity during the filtration, it was 
concluded that the CO is partially fixed in an unstable compound. As this 
compound disappeareJ from the suspension very rapidly, it was impossible 

l 
Bassham, Benson, Day, Harris, Wilson, and Calvin, J. Am. Chern. Soc. 

76, 1760 (1954). 
2 

Metzner, Metzner, and Calvin, Arch. Biochem. Biophys. 74, l (1958). 
3
Metzner, Simon, Metzner, and Calvin, Proc. Natl. Acad. Sci. U.S. 43, 

892 (1957). 
4 

Metzner, Metzner, and Calvin, Proc. Natl. Acad. Sci. U.S. 44, 205 (l95E). 
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to measure it by plating on aluminum planchets.a11.9- counting.w~th the Geiger~ 
Mueller counter tube or to detect it on paper chrornatogr?-ms. Consequently 
the counting metJ:lod of Wilzbach and Sykes5 was applied to get more information 
about the unstably bound C02. 

The Scenedesmus suspensions were poured into cold acetone or 
ethanol (~30°) and after addition of l ml of acetic acid for each 10 ml of 
original suspension (to rem.ove the excess of bicarbonate), an aliquot portion 
was taken by precooled micropipettes and injected into a very cold bomb 
( -183 °) with the copper -copper oxide mixture. After the tube was warmed 
to -45°, evacuated for a short time., and sealed, the organi'c material was 
combusted and the resulting radioactive carbon dioxide measured with an 
ionization chamber and a vibrating -reed electrometer 0 By this time the 
"total fixation" was estimated. An equal aliquot portion spread on an 
aluminum plate and then combusted in a second bomb gave what was called 
the "stable fixation. 11 The difference between the two measurements was 
attributed to an unstable compound. The results were interpret.ed as 
confirmation of some of the differences described in the earlier work. No 
fixation was obtained in the experiments with the algae killed in acetone be
fore the radioactive bicarbonate was added, nor with the algae exposed to 
radioactive bicarbonate in the dark and flushed for 70 minutes with nitrogen. 
These results did not reveal the nature of the unstable compound or com
pounds. 

For a more extensive examination of the unstably bound C02, the 
determination of the radioactivity in liquid scintillators at -15° seemed to 
offer an advantage over the very time -consuming %ombustion method of 
Wilzbach and Sykes. The method has been proved to give reproducible 
results with suspensions of inorganic compounds, homogenized tissues, 
and bacteria. It had never been used for the counting of algae suspens.ions, 
however. Therefore, before the method was applied to the low~temperature 
killing experiments the following factors were studied: 

(a) the relative efficiency of the method compared to that of Geiger~ 
Mueller counters, 

(b) the stability of the radioactivity in the scintillator, 

(c) the effect of different quantities of algae, 

(d) the effect of temperature o 

For the determination, 20-ml bottles were used containing as a scintillator 
10 ml of 2, 5-diphenyloxazole (PPO) solution in toluene (5 gin 1 kg). Three 
ml of absolute ethanol was added to each bottle to facilitate the solution of 
the aqueous suspension of algae. The liquid~scintillation counter used in 
this study was a coincidence counter described earlier. 7 The determinations 

5 . 
K. E. Wilzbach, and W. Y. Sykes, Science 120, 494 (1954). 

6 
Hayes, Rogers, and Langham, Nucleonics.!:_!, No. 3, 48 (1956). 

7 
E. M. Baker and F. E. Vogelsberg, UCRL-3240, p. 28 (1955). 
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were made at -15 °. For the estimation of the relative counting efficiency of 
the scintillation counter with respect to the Geiger-Mueller counter, solutions 
of radioactive benzoic acid, sodium bicarbonate, and sucrose were used. 

The benzoic acid was used as a primary standard of known activity 
that could be counted in the scintillation counter and in the Geiger-Mueller 
counters. Different quantities (10 A. to 100 A.) of benzoic acid solutions 
containing 7.5 mg of benzoic acid-C 14 per ml with an activity of 5 X 105 dpm/ml 
estimated in a scintillation counter 8 were counted in the scintillation and 
Geiger-Mueller counters. Figure 2 shows the results. The line S represents 
the theoretical values of benzoic acid {using the benzoic acid as primary 
standard), and the line E, the values obtained experimentally. One can see 
that the efficiency for benzoic acid is 77. 8%. The factor 1. 3 therefore must 
be applied for the conversion of experimental values to dpm (disintegrations 
per minute). 

The average value of the factor given by the ratio of the counts ob
tained in the scintillation counter to the counts obtained in the Geiger-Mueller 
counter is 3.1 for several dilutions of benzoic acid. Using the established 
efficiency as 80o/o, the factor 4 (3.1 XL3) must be applied for the conversion 
of the counts obtained in the Geiger-Mueller counter to dpm. 

The bicarbonate solution could be counted only in the scintillation 
counter. F?r this measurement a 0.026 N sol_~tion of NaHc14o3 containing 
400 f.lC of C 4 in 1 ml was diluted 1000 times.... In Fig. 3 the line S rep
resents the theoretical value (using the stated specific activity of the 
NaHc 14o3), and the line E the experimental values obtained for different 
quantities of this solution. The average calculated apparent efficiency for 
the bicarbonate solution is 50o/o. 

An independent measurement of labeled standard toluene in the 
scintillation mixtures with added bicarbonate or benzoic acid demonstrated 
that neither of these two latter materials had any quenching effect under 
the conditions used. Therefqre, the apparent difference in the counting 
efficiency for benzoic acid (- 80o/o) and bicarbonate (-50%) must be 
attributed to a difference in the standards used. 

The sucrose solution was obtained by elution of two spots from 
chromatograms. This eluate was made up to a volume of 1 mL Different 
quantities of this solution were counted in the scintillation counter as well 
as in the Geiger-Mueller counter. The same factor (3. 1) as for the benzoic 
acid was obtained as the ratio of the scintillation counting to the Geiger
Mueller counting. Because a ratio of 3.1 between the two methods was 
found for both the benzoic acid and the sucrose solutions the efficiency of 
the scintillation counter used was accepted as 80o/o for the sucrose as well 
as for benzoic acid. 

8
L Whittemore and Sally Jones, UCRL, This Quarterly. 

*The specific activity of the NaHc 14o 3 given here is that stated on the 
sample as recieved from the Oak Ridge National Laboratory. 
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Fig. 2. The efficiency of the scintillation counting of standard 
benzoic acid. 
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The bottles in which the measurements were performed were cooled 
to -15° before addition of the samples and kept at room temperature for the 
rest of the procedure. To see if during storage in this condition the radio
activity of the samples of bicarbonate diminishes, an 80o/o-ethanol solution of 
radioactive bicarbonate alone (0.8 f.LC/ml), and another containing, in addition, 
a 0.4o/o suspension of algae, were counted as soon as possible after prepara
tion of the solution, after 24 hours, and after 48 hours. In all cases the de
crease in the radioactivity did not exceed l o/o of the original value. Thereby 
it was shown that once a sample of bicarbonate is put at -15° its activity does 
not change during the several hours. However, some radioactive bicarbonate 
might have been lost when the tempe:rature of the sample's was changed from 
-45° to -15°. To test that possibility, two samples were taken of the bicar
bonate solution in 80o/o ethanol cooled to -45°. One was pipetted into a bottle 
precooled to -15° and the other into a bottle precooled to -45°C, and counted 
as soon as possible. Afterwards the samples were kept several hours at 
-15° and counted, then cooled to -45° and counted again. From the results 
given in Table II one can see that the indicated activity is about 1 Oo/o lower at 
-15° than at -45°, but this change is reversible and reprbducible over a period 
of several hours. This is probably due to the well-know~ enhancement of 
liquid-scintillation pulse height at lowered temperature. 

Suspensions of Ca45c 2o4 in a .liquid- scintillation solution have been 
found to give rapidly de%reasing count rates at times longer than 1 minute 
after they were shaken. After 3 minutes a 50o/o decrease from the original 
activity was observed. Because, in the experiments described later, samples 
containing only 2 mg of algae were used (100 A. of 0.4o/o suspension), the rate 
of the decrease of the radioactivity caused by the settling of the suspension 
was determined. For this purpose the samples containing 100 A. of 2o/o sus
pension of Scenedesrn:u;s in 80o/o ethanol and different quantities of standard 
benzoic acid solution (25 A., 50 A., and l 00 A.) were counted in the scintillation 
counter continually for 30 minutes. The average values of the counts obtained 
for two determinations done during the first 10 minutes are only 0.3o/o higher 
than those determined for the next 10 minutes. For this reason, in the 
following experiments in which the samples were counted for five !-minute 
periods, they were shaken only once before the beginning of the counting. A 
decrease in the measurable activity of the standard solution of benzoic acid 
was observed in the presence of different suspensions of algae. The results 
given in Table III and Fig. 4 show that the recrease of activity depends on the 
quantity of algae and is equal to~ 5o/a for 100 A. to -l3o/o for 400 A. of the sus
pension. This decrease in the radioactivity is probably caused by the absorp
tion of blue light by yellow pigments of the algae. 

The above results show that the counting in liquid scintillators offers 
a quick and suitable method for the estimation of the activity of the solutions 
of radioactive bicarbonate, benzoic acid, and sucrose in the presence of alga.l 
suspensions. The results are reproducible for several dilutions. The count-

·• 

ing efficiency is 80o/o for benzoic acid and sucrose. The activity bf samples '!' 

kept at -15P does not change during several hours and its decrease caused by 
the algae used in later experiments does not exceed 5o/o. 

9 s. H. Liebson, Nucleonics.!_!, No. 4, 49 (1956). 
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Table II 

Effects of storage temperature on determination of bicarbonate activityo To 
1 r41 of water and 4 ml of ethanol cooled to -45°C (or -15°) was added 4f.LC of 
C per 10 X. of Oo026 N NaHcl4o 30 Samples were put in vessels precooled 
to -45° {or -15°)0 Samples counted in scintillation countero 

Experiment 1 Experiment 2 
Time Temperature Number of Changes Temperature Number Changes 
(hr} of vessel counts in radio- of vessel of in radio-

(oC) activity (oC) counts activity 
(%) .(%) 

0 -45 45,056 -15 30,208 
12 -IS 40,096 -ILOO -45 34,560 +12o 59 
24 -45 45,824 +120 50 :.15 31,232 -1 Oo 66 
36 -15 40,096 -12o 50 

Table HI 

The influence of Chlorella suspension on the efficiency of scintillation count
ingo Activity of standard (OA%) benzoic acid solution when mixed with 
Chlorella suspension given as percent of activity of original benzoic acid 
solutiono 

Quantity of 
standard 

benzoic acid 
solution 

(X.) 

20 
25 
30 
40 
50 
75 

150 

Average 

Average .c·· 
Decrease 1n 

Jitad~o~c:ti ~it y 
(%) 

100 

930 7 
95o0 
9506 
9306 
9709 
9506 

.9609 

95A 

406 

Quantity of suspension of algae 
{X.) 

200 300 400 

90o6 875 8403 
925 3000 87o5 
932 9L3 8901 
9200 90A 87o.3 
935 90o9 88o5 
9300 90A 86o9 
913 892 85o3 

923 9L4 87A 

7 07 8o6 1206 
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This method was applied to an investigation of the possibility that 
the radioactivity found in previous experiments and ascribed to the presence 
of unstably bound COz might be caused by a residue of the radioactive bi
carbonate added to the suspension of photosynthesizing algaeo To explore this 
possibility three kinds of experiments were done in which the bicarbonate 
was added to normal photos)D.thesizing algae, algae kept in the dark, and a 
suspension of killed algaeo Each of these experiments was performed under 

• three different conditions: 

(a) with the suspension of algae kept at -45°, 

(b) with the suspension of algae kept at -45° and nitrogen bubbled 
through for 15 min, 

(c) with the suspension of algae kept at room temperatureo 

The conditions of the experiments were nearly the same as in the previous 
experiments2, 3, 4 except that the quantities used were only 1/10 as largeo 
One ml of a 2o/o or 4o/o suspension of Scenedesmus was preilluminated for 
10 minutes in the presence of 1 o/o C02, then swept with N 2 fo~r 3 minutes. 
Afterwards 4 or 8 f.LC of NaHcl4o3 was added and the mixture was allowed 
to stand for 30 secondso Then the algae were killed with 4 ml of ethanol 
(for the 2o/o suspensions) or 9 ml of acetone (for the 4o/o suspensions) which 
had been acidified with acetic acid. A 4o/o suspension of algae was used in 
the experiments with the acetone killing in order to produce a OAo/o suspension 
of algae (as in the alcohol killing) in 90o/o acetone solutiono (The latter con
centration was required becaus.e 80o/o acetone freezes at -45°0) 

In the cold-killing experiments, (a) and (b), the algae were killed 
with the solvents cooled in liquid nitrogen -600 and placed immediately in an 
acetone-dry ice bath at -45°0 In experiments (c) the killing was done with the 
solvents at room temperatureo In all cases the 100- A. samples were taken 
as soon as possible in (a) and (b) with pipettes precooled to -45°0 In experi
ments (b), after the taking of the first sample, nitrogen was bubbled through 
the suspension for 15 minuteso 

Samples were taken every 15 minutes during the first 2 hours, the 
next one at 3 hours, and another one the next dayo The results of these 
experiments are represented in Figso 5-100 One can see that at room tem
perature bicarbonate has disappearednearly completely after 1/2 hour from 
the ethanol solutions and somewhat more slowly from the acetone solutionso 
The bubbling of N 2 for 15 minutes does not completely remove .bicarbonate 
although it diminishes its quantityo One 'can see that in ethanol solutions 
the differences between the radioactivity of the suspension of algae kept at 
-45° flushed with nitrogen and that not flushed are much smaller than in 
acetone solutiono This is probably caused by the greater viscosity of alcoholic 
solutions at -45°, from which C02 is not so easily expelled as from the 
acetone solutions, which are completely liquid at that temperatureo In the 
experiments in which, to the suspension of algae flushed for 10 minutes with 
1o/o C02 and for 3 minutes in the dark with N 2 , the radioactive bicarbonate 
was added for 30 sec before killing, one can observe a very small fixationo 
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1 ml of 2% suspensiorr of Scenedesmus, preilluminated 10 min with 1% C02, swept 3 min with N2, 

30 sec PS with 4 JIC of cl4 (10 ). of 0.026 N NaHC14o3 ), killed with 4 ml of acidified ethanol. 

•- Killed and kept at -45• 

0- " " -45•, swept 15 with N2 
®- " " " room temperature 

• 

20 40 60 80 100 120 180 
TIME IN MINUTES 
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1 ml 4'f, suspension of Scenedesmus preilluminated 10 min with 1% C02, swept 
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Fig. 9. Photosynthesizing algae kille·d with acetone. 
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f ml 4% suspension of Scenedesnius plus 9 ml of acetone, kept' with 4 pc of c14 
for 30 sec and acidified with 4 drops of glacial acetic acid. 
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Fig. 10. Suspension of algae in acetone. 
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Figures 5, 6, and 7 show that in the algae kil_led with alcohol and 
kept at -45° practical! y all the bicarbonate disappears in 3 hours. This is 
not the case in acetone solution, in which the radioactivity does not drop to 
the final value in 3 hours at .,:45°. (.Figs. 8, 9, 10. } 

Since iii the experiments with the ethanol killing the volume of the 
suspension was 5 ml, and in acetone killing 10 ml, it was not clear whether 
this difference in the persistence of the radioactivity, cj>, in the acetone so
lution is caused by the larger volume of the solution or by the greater stability 
of bicarbonate in it. To solve this problem, the following experiments were 
performed: four vessels containing 5 ml and 10 ml of 80% ethanol and 5 ml of 
90% acEtone were cooled to -35°, -45°, and -55°, and to the vessels contain
ing 5 ml and 10 ml of solution were added 10 X. and 20 X. of 0. 026 N NaHC 14o3 
(400 f.LC/ml) respectively. From these solutions the samples were taken at 
various times o~r a period of 13 hours. The results presented in Figs. 11, 
12, and 13 show that the behavior of bicarbonate in the ethanol and acetone 
solutions is different at different temperatures. At -35° the bicarbonate.keeps 
longer in the larger volume (10 ml) than in the smaller one (5 ml), and longer 
in the ethanol than in acetone solutions.• At -45° the same volume effect is 
found, but at this temperature bicarbonate is more stable in the acetone than 
in the ethanol solution. At -55° the stability of bicarbonate in the acetone 
solution is much greater than in ethanol solution, independent of the volume. 
After 3 hours in 5 ml of ethanol solution at -45° nearly no activity is left, 
but in acetone solution one finds much activity, espectially in the bigger 
volume. After 13 hours this radioactivity disappears nearly completely. 

Below -45° one can see the formation of crystals in the 90% acetone 
solution. To clarify their nature, the 90% acetone solution containing ap
propriate amounts of cl 4 was cooled to -55°; After 10 minutes the CJ,"ystals 
were filtered as quickly as possible through the filter precooled to -55°. The 
radioactivity of the filtrate was estimated in the scintillation counter. The 
crystals melted and the radioactivity of the r~sulting liquid was determined. 
The liquid obtained from the crystals forms 9% of the 90% acetone solution. 
This corresponds to the quantity of the wate;r in this solution. The boiling 
points of the two fractions were found to be 58° for the filtrate and 100° for 
the liquid coming from the crystals. The radioactivity of 1 ml of the filtrate 
acetone is 30 times that of 1 ml of the water obtained from .the crystals. 
These results show that at temperatures below -450 the water from 90% 
solution of acetone freezes quantitatively but the bicarbonate is much more 
soluble in acetone and is mostly left in the filtrate. 

In the experiments with the suspensions of algae the formation of 
ice crystals makes the taking of samples very difficult. 

Contrary to the previous results, it appears that in normal photo
synthesis the stable fixation is the same no matter at what temperature the 
algae are killed. The results in Tables IV and V show that in all cases the 
stable fixation measured in the scintillation and in the Geiger-Mueller 
counters was the same within.the limits of accuracy of the methods. 
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Fig. 11. The stability of bicarbonate in ethanol and acetone 
solutions at -35°. 
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h. 1 ml of water, 4 ml of ethanol, 4 J.IC of C14, 2 drops of glacial acetic acid 
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Fig. 12. The stability of bicarbonate in ethanol and acetone 
solutions at -45°. 
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Fig. 13. The stability of bicarbonate in ethanol and acetone 
solutions at -55 °. 
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Table IV 

The effects of different solvents and different temperatures on the stable 
fixation of cl4o2 inScenedesmus. Shown as number of counts per aliquot. 
(I ml of 1 o/o suspension of Scenedesmus preilluminated 10 min with 1 o/o C02 
and swept 3 min with N 2; photosynthesis for 30 sec with 4 tJ.C of cl 4; killed 
with 5 ml of organic solvent; 100 X. counted. ) 

Temperature 

In scintillation counter 
at -J5° 

In acetone 

Boiling 7936 
Room temperature 7936 
Low temperature(-35°C). 7680 

Table V 

In ethanol 

8192 
8448 
8960 

In G-M counter 
(plating) 

2750 
2650 
2430 

The effects of different solvents and different temperatures on the stable 
fixation of cl4o2 in Ghlorella. Shown as number of counts per aliquot. 
(2 ml of 2o/o suspension of Ghlorella pre illuminated l 0 min with l o/o C09_ 
and swept for 3 min with N 2; photosynthesis for 30 sec with 20 tJ.C of C 4; 
killed with 8 ml of organic solvent; 100 X. counted in Geiger-Mueller counter.) 

Temperature Solvent 

Acetone Methanol Ethanol 

Boiling . 9430 10320 10167 
Room temperature 9070 10360 8010 
Low temperature ( -600C) 9370 9190 10160 
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These results fail to confirm the existence of an unstable product 
of early photosynthetic fixation persisting for some time at -30° or -45°, 
different from and more stable than bicarbonate. Our experiments also 
failed. to confirm the differences previously found in the stable fixation of 
the killing of radioactive bicarbonate which appeared to depend on the 
temperature of photosynthesizing algae. On the contrary, they proved that 

. the stable fixation for the same suspens.ion of algae for the same period of 
time, and the same quantity of added bicarbonate, is independent of the 
solvent used and of .the temperature of the killing. 

All the previous experiments can now be accounted for in terms 
of differences in :the rate of escape of cl4oz from the various preparations" 
There remains the experiment in which the quantity of the apparent "unstably 
bound" COz is dependent upon the immediate prior illumination of the algae 
(Expts. 2 and 7, Table I, of Ref. 3). This seems now best interpreted in 
terms of a production of alkali as a result of the photosynthesis immediately 
preceding ti:e administration of C 14o2. Again, independent experiments in 
:the absence of algae, with added quantities of alkali, produce the expected 
slowing of the escape of cl4oz (Fig. 14). 

The possibility still remains that an "active" C02 may be present 
but in small amounts. This would be required if it is more or less stable 
than bicarbonate; if its stability is similar to that of bicarbonate, these 
experiments could not distinguish it even in large amounts. 
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\' 

.!:J. 1i2 ml of water, 4 JJC of C14, , 4-112 :.ml of cold acetone, kept at -45• 
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11 -45° . 

TIME IN MINUTES 

MU -16891 

Fig. 14. The influence of pH on the stability of bicarbonate. 
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MOVE OF PART OF THE BIO-ORGANIC CHEMISTRY GROUP 
FROM OLD RADIATION LABORATORY TO 

LIFE SCIENCES BUILDING 

During the penod covered by this report the research activities of 
about two-thirds of the Bio-Organic Chemistry Group were moved from the 
Old Radiation Laborato~y on the Berkeley Campus of the University of 

" California to the Life Sciences Building on the same campus. The remainder 
of the group is still in Donner Laboratory. The group that moved had been 
located in the Old Radiation Laboratory since the summer of 1946. The 
major research activities of this group include, at present, investigations 
of photosynthesis and other studies in plant biochemistry; investigations o~ 
the physical properties of organic and biochemical compounds and systems, 
with particular emphasis on the use of nuclear-magnetic resonance and 
electron-spin resonance; photochemistry; and enzymatic assays of animal 
brains related to psychological behavior. Many of these and other research 
activities of the group are, of course, carried on partly in the new location 
and partly in Donner Laboratory. The facilities moved to the Life Sciences 
Building are 

the nuclear-magnetic resonance spectrometer and two electron-spin 
resonance spectrometers and their associated electronic equipment, 

a photochemistry laboratory, counting equipment for cl4 and T (and 
other tracers), 

a tracer laboratory with hoods and Berkeley boxes for working with 
these isotopes, 

a paper chromatography setup capable of handling about 100 papers a day, 

an algae-culture laboratory (with automatic continuous-culture tubes, etc.), 

automatic enzymatic assay equipment, and, of course, 

general biochemical and chemical laboratories. 

Those parts of the physical chemical apparatus which could be best 
moved without disrupting the general work of the laboratory were moved in 
November and December, and the rest of the laboratory was moved towards 
the end of December and the first week in January. At the time of this 
report (February 1959) the group is once again operating as a research 
group. 
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