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SUMMARY

Short=term photosynthetic éxpériments using 01402 and papér chromato=
graphy were performed with 27 different plants representing nine phyla:
Schizophyta (Schizophyceae), Euglenophyta, Chlorophyta, Charophyta,
Chrys.ophyt:a.‘9 Rhodophyta, Bryophyta, Pteridophyta, and Spermatophyta.
There is a remarkable uniformity in the types‘of ethanol=goluble com=-
pounds which became rédioactive in the entire group of plants used.
The amounts of the different compounds varied consﬁderébly percentage=
wise among the various plants as would be expected because of their

inherent metebolic differences and the variations in their physiological

‘states induced by experimental conditions.

30

Lo

Sucrose became radioactive in wery different amounts in two major group=
ings of plants: a) those containing only photosynthetic tissue and b)
those containing non-photosynthetic tissue as well. The amount of radio-
active sucrose in the former group was much lower than that in the latter.
An unidentified compound became radioactive in appreciable amounts in two
of the blue-green algae, but was radiocactive in very small amounts or not

visible at all on the chromatograms of all other plants.

(*)
(#%)

The work described in this paper was sponsored by the U.S. Atomie
Energy Commission.

The authors wish to.express their appreclatlon for the kind assistance
of Victoria H. Lynch, R. C. Fuller, Paul Hayes and Altha Vann,
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INTRODUCTION

In consideration of the great differences in general physiology among
plents the question arises whether there is a uniformity in the reactions
involved in the fixation of carbon during the early steps of photosynthesis
or whether there may also be differences in these basic reactions. To inves=
tigate this question and to determine whether any differences, should they
occur, might be correlated with phylogenetic relationships, a survey of
représentatives of major plant groups was made with respect to the kinds
and relative amounts of the compounds into which carbon was incorporated
during short=term photosynthésiso The general methods employed'in the study
were tracer technique using 014 for labeling compounds and paper chromato-
graphy for separating and identifying them.

EXPERIMENTAL METHODS
Photosynthesis experiments were performed with the following plants:

Phormidium, Synechococcus and two species of Nostoc (blue greens), Chlorella ,

Scenedesmus, Haematococcus, Spirogyra and Chlorococcum (green algae), Nitella,

Vaucheria (a yellow-green alga), Euglena, Porphyridium (a red alga), Fontinalis

and Funaria (mosses), Conicephalum (a liverwort), Ceratopteris and Polystichum

(ferns), yew, juniper, squash, soybean, Kalancho?, tomato, ivy, avocado and
barley.

With the exceptions of Haemotoco¢cus, Spirogyra, Nitella, yeﬁ, juniper and

ivy, alL of which were used directly from their places of growth, the plant
materials used in these.experiments were grown in the laboratory. The algae
were grdwn under conditions showﬁ in Table I and in media described in Table II.
The mosses, liverwort, and ferns were grown in dishes of either pond water or

V medium on a fluorescent light shelf. The squash, soybean, Kalanchol, tomato

and avocado were grown in a fluorescent light chamber.
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Because of the differences in form between the algae and the other
plants, two general methods of carrying out the CO, fixation experiments
were employed. The algae were centrifuged from their nutrient medisa, -
washed once with distilled water and centrifuged again. 75 cce of.a 1%
suspension of algae in distilled water (based on packed cell volume) was
poured into a flat chamber (Figure 1). This chamber was illuminated
between two incandescent lamps providing light intensities shown in Table III
for a 15=or 20-minute period to permit the algae to adjust to tﬁe light con=
ditions. The suspension was kept at about room température during this period
by placing the chamber in a water-cooled bath. Throughout this period and
the rest of the experiment; heat from the lamps was reduced by'means of water—-
cooled infrared heat filters placed between the lamps and the illumination
chamber., Following the adjustment period 200 A of sodium bicarbonate solution
containing 400 uc. 014 per ml., was injected into the vessel,'which was stoppered
immediately and sheken continuously in the light beam for 5 minutes. - At this
time the contents were dumped inmto 300 cc. of boiling absolute ethanol, thus
making an 80% ethanol sclution. This mixture was then brought to a boil again
andzimmediately cooled in a c¢old water bath.

The total amount of activity fixed by the algae was determined by drying
an aliquot of the ethanol suspension on an aluminum plate and coﬁnting the
radioactivity with a.wide=mouth Geiger Mdller counter. The amount of activity
fixed in 80f-ethanol soluble gompounés wasrdeterﬁined by centrifuging thé
ethanol suspension and similarly plating-aﬁd counting an aliquot of the super-
natant. The distribution of activity in the various compounds in the 80%=-
ethanol extract was determined by two-dimensional chromatography of a concen=
trate of the extract onVWhatman No. 1 paper. Phenol-water was used as the
first solvent and a bqtanolmpropionic acid-water mixture as the second sol-
vent, Radioautcgrams of the resultiné chromztograms were made with "No=Streen'

X-ray film in order to find the location of the radioactive compounds. These
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compounds were identified by the relation of their positions to known com-
pounds and to each other and, in cases of doubt, by co-chromatography with
a known compoundo1 The activity in each spot on the chromatograms was
counted and tabulated in terms of percentage of the total activity on the
chromatogram. | ‘

The CO2 fixation experiments with the higher plants were carriedvout in
a gas-tight chamber with parallel glass sides (Figure 2). The thalli, leaves
or larger portions of plants used for the experiments were transferred tb
small tubes of water in this chamber as quickly as possible after being
removed from the rest of the plant. Thalli or leaves which appeared likely
to wilt during the experiments were sprayed with water priér to the adjust-
ment period. The chamber was illuminated in the same way as it was for the
algae with theAvarying light intensities shown in Table III. The chamber was
closed and air drawn through it during the adjustment period which varied
from 5 to 15 minutes. Following this time the chamber was partially evacuated
and radiocactive coé was introduced in the amounts shown in Table III. After
5-minutes' exposure to radiocactive 002 (10 minutes in the case of the liverwort)
the plant parts were removed either directly into boiling 80% ethanol in the
case of both ferns, Funaria, squash, soybean, tomato, and barley or first into
1iquid nitrogen where they were ground and then into boiling 80% ethanol in
the case of Fontinalis, liverwort, yew,'juniper,.Kalancho@, ivy and avocado.
The tbtal activity, the activity in the 80%=soluble portion and its distribu- -
tion.in the various compbunds was détermined in the same way for these suspen-

sions as it was for the corresponding suspensions of algae.

(1) A. A. Bensonm, J. A. Bassham, M. Calvin, T. C. Goodale, V. A, Haas and
Wo Stepka, Jo Am. Chem, Soc., 72, 1710 (1950).
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» RESULTS

The‘rates Qf-COQ fixation of the 19 plants,tested éérigd_gregtlylas might
be expected with_such,a wide diversity of plant types, ages 6£dthe material,
etc. The rates ranged from 0.3 x mol, CO, fixed/gram of wet plant'material.inv
5 minutes in the case of the liverwort to 14.5 & mol./g./5 min. in the case of
Fontinalis. (See Table III) Theré was also a wide variation in the percentage
of the fixed aétivity which was extractable with 80% efhanolo For those plants
in whiqh_experimental methods. permitted this value .to be obtained, this figure
varied from 17.7% for Kalancho® to 88.8% for yew.

Although there are wide variations in the rates at which the different
plants fixed CO, and incorporated it into insoluble materials; there was a
remarkable similarity in the kinds of so;uble compounds formed. However,
their.p?rcentageawiSe distribution showed greaﬁ variationé_ The detailed
results are reportedfin Table IiI and some representative chromatograms from
which the data were obtained are shown in Figure 3.

DISCUSSiON
.~ Several striking p§ints stand out in the results of this survey of the
photosynthetic pattern of a variety of plants. One of these is the remarkable
uniformityAwith:which the various phosphates and amino acids. are found: to
become radioactive in this type of experiment. Hexose monophosphates appeared
radioactive on chromatograms of all 19 plants while pentose- and triose-
phosphates and phOSphogiyceric acid were found in ail but oneo The uridine
diphosphate glucose and UDP galactose spot was on all but 3 papers, and ribu~ -
lose diphosphate, phosphoglycolic acid, and phospho-enol=pyruvate were\easily .
visible on the majority of chromatograms. Of the amino acids, serine ahd
alanine became radic;active in all the experiments, alspaxjtic and glutamic aids’

in seventeen and glycine in sixteen. It is quite pfobable that éompounds which
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appeared radioactive in a1l but a few of the experiments:as described actually
were radioactive in every ome but to such a low degree that the activity was
not. detectable by the procedureS'used in these experiments.: The general uni-
formity in the compounds which became radiocactive' in these varied plants
indicates that the same basic pattern of reactions occurred in'the intorpora-
tion of CO, into cell constitueﬁts in all of the plants tested. 'And since
nearly all major plant phyla are representea in" the -experiment it seems safe
to assume that this set of reactions-is the one which is responsible for all
photosynthetic 002 fixation and eariy metabolism.

Despite the uniformity in the occurrence of these compounds, there is a
great variation in the percentage-wise distributioﬁ of radicactivity among
the various plants. Individual variations cannot yet be interpreted since
they certainly must be expected in a survey of this type for a number of
reasons, residing partly in the experimentai procedures and partly in the
organisms themselves. Conditions under which ‘the experiments were performed
were patterned after thosé-previously found to be suitable for Scenedesmus
and soybean and were certainly not optimum for all,-if for any, of the
organisms tested. In some of the organisms these conditions almost certainly
induced quite abnormal pnysiological states. In-additionrto the variation
caused by environmental factors, there are variations caused hy differences
in the.inherent metabolig,rates of different organisms andrdifferences~in
age of the material used, etc.

However, there are two compounds which are found to be radioactive'in
widely different amounts in different groups of plants. These two cases
exceed by far the variations which may be atiributed to the factors mentioned. -
One of these compounds is sucrose, the distribution of which seems to divide

'

the plants into two distinctvmajof groups, one in which it contains less than



© =8 UCRL~-2565-

10% Oﬁ:the soiuble.radioactivity and the other in which it contains more tham
35%..0of the soluble ;adioactivity (Figure.BA,B); "An inspection of the plants
which constitute thesevtwo groups suggests that. this difference is associated
with a .gtructural feature of the plants, namely the absence or presencé of
living non-photosynthetic tissue. . The more rapid synthesis of sucrose in
those plants containing non-photosynthetic tissues can be rationalized in
terms of the selective advantage which lies in the production of a disaccharide
rather than a monosaccharide as the soluble energy source for such tissues.’
Because of the glycosidic link in sucrose, hexose from it may be brought into
the metabolic stream without prior activation by /ATP such as a monosaccharide

would ‘require.  Thus the trénsport of sucrése carries 2-5 Kcals more energy
than the_equivélent_carbohydrate'as’a.monosacchariden ‘Evidence to support
thisvhypothesis'that the amount of disaccharide formed is related to-the
presence; or absence of non-photosynthetic tissue in the plant rather than to
,itszpbylogenetic‘relgtionships is found in the 'experiments of Bean with
2

Iridophycus,. a multicellular red alga containing nonfphotosynthetic'tiSsue;

Y

In his experiments,which were carried out in a manner comparable to that used
in this-laboratory,'=50%-of the activity on the chromatogram was found in the
disaccharide, floridoéideA(qwdagalacto~pyranosyl=2«g1ycerol). |

In order to test how deep-seated the relationship between the presence
or absence of-non-photosynthetic- tissue and the rateiof~sudrosefproduction
might be, experiments were done with two plants (a moss and a fern) which
during one phase of their life cycle contain no non-photosynthetic tissue but
which do develop it ih_another phase.. Presumablf they might be expected to

produce sucrose less rapidly during the former phase than during ‘the ‘latter ones

(2) ARdSs'Bean, Thesis, University of California, 1954.

AN



=9- ' ‘ UCRL-2565

In & comparison of the results of these experimenfs with plants in the two
phases of development, it must be kept in mind that the moss protonemata and
fern pfothalli used were not of the same species as the mature moss and fern
testede. However, the fact that the forms containing only photosynthetic |
tissue produced 23 and 24% sucrose (in mOES'protonemata and fern prothalli,
respectively) and that the forms containing non-photosynthetic tissue'produce
48 and 37% (in the ﬁature moss and fern)vcould indicate that the pqtential
for a higher rate of sucrose productibnfis physiologically controlled in
forms without colorless cells and does not come into full operation until
non=-photosynthetic tissue is developed.

The second compound which becomes radioactive in different amounts in
different groups éf plants is one of unknown identity which accounts for 7 and

21% of the activity of Synechococcus and Nostoc and is found (in'small amounts;

1% or less) in only nine other plants (Fig. 3C,D). This compound runs slightly
_farther than alanine in the phenol direction and a somewhat shorter distﬁnce

in the butanolmpropionic acid direction. It is weakly ninhydfin ﬁositive~and
does not appear to be a,€, diaminopimelic acido4 .Upon heating in 1 N HY at

100° ¢, for 1 hour at least three new substances are formed.. o

(4) Elizabeth Work and D. L. Dewey, J. Geno Microbiole, 9; 394 (1953).




Table I.

{

GULTURING GONDITIONS FOR ALGAE

Algae

Phormidium

Nostoc muscorum

Nostoc spo

Synechococcus
cedrorum

Chlorococeum SPo

Chlorella
Scenedesmusg

Euglena

Vaucheria

Porphyridium

Culture vessellﬁg

250 ml. Erlenmeyer

2500 ml. culture flask
250 ml. Erlenmeyeﬁ”

2500 ml, culture flask

2500 mle culture flask

'250 Erlenmeyer

2500 mlg culture flasgk

Aeration
no_§§eCial provigion
air bubbled through
no special provision
air drawn over

S

no special provision
«®

air drawn over

- constant

_Agitation

[

ey 7

@

shaking

occasional swirling

by hand

n

‘constant shaking

foccééioﬁal swifling5
- by hand B

Med ium
-
R

é@il and1water

ot +TOGIZ Na. .
glutamate -

v
n
§

E

S and B

fluofescént
-V&n'
g

incandescent

vfluoféscént

incandescert

=0T=

$942=Td0N
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Table II

~CONTENTS OF MEDIA USED FOR ALGAE

\'j v K E - S and B'

cation-free water 11. = 11l. 11. = 500 cce

sea water - . ‘iq : . ' - , VI5OO §cQ?

1 MKNO3  5cce . 1l.7 coe 5 cce

1M KzﬁP04 R 0.5 cce 5.7 cce sjvéc.‘, . 0.6 cc.

1 M KHpPO, | 0.5 cc |

1M MgSQ,°TH0 2 cco . lece . 2cee’ 0.2 cco
0.1 M Ca(NO3)2” | 0.25 cc; ; cCe R i‘ '“'*i‘.: .
l‘ﬁ NH4N03 _ . 6 cce.

1M NHApl » o . ‘1 cce

Nadc®3H0 | - 5 é.. ;

Difco tryptone ‘ | | 5 ge

trace elements 1 ceco ~ loce. :

solution¥#

iron and EDTA  1lceee  1lece 1 cee 1 ce.
solutionit# f | ,

adjustédAto m ;6;3 |  ;8.5 ;7.0 :8.5_'

(*) 1 cc. trace‘elements contains 1,43 mg. H3B0s, 1.05 mg. MuSO,*Ho0,
0005 mgo chlz, 0004 mgo CUSOA‘5H20, Ooo mg.HzMooA.HZOQ

(%) The:ifoh énd Eﬁiﬁbsolution‘ﬁasgprepared accordiﬁg7ﬁ§ the method
described by Jacobseno3 The concentration of FeSO,*7H20 in media
with 1 .cc. of this solution per liter is 0.0009 M. -

(3) Louis Jacobsen, Plant. Fhysiol., 26(2), 411 (1951).



_ Table III
RADTOACTIVE 002 FIXED IN 5-MINUTE PHOTOSYNTHESIS EXPERIMENTS

:
g | 2 2 :
g 3 a; .8 S S
£ H “ v 8 3 S
H 8 8 3 3 &
£ +2 + ) = O
...... - é 3 8 B 3 o
' = = n B O
Condition of experlment . _
: Age of ‘plant material - 20 days 20 days 4 days = 48 hrs.
Light intensity (footcandles on each . . : : e »
side of 10111pop) ) , . 2700 G 6500 2700 - 2700 -
COp given (ue) . - ~ 100 80 - 100 . 80 - 40 -
Speciflc actlvity of 002 (mc/hMol BaCOB) 16.1 16.1 - 16,1 16.1 -
Activity flxed _»f c ' . "
Total counts fixed in 5 mins/cc. packed - ' : : o P
algde or g vet wt. leaves (lO6 c/m) - - 340" - T 260 - -
Counts fixed in 80% ethanol-soluble ' ' S
compourds (106 ¢/m), 2.8 2.5 0.8 0.6 1.3 -
% of fixed actiV1ty 1n solubles - 833 . - 28,8 - -
Distribution of: actlvity in 80%" ethanol-
soluble compounds (% of total on chromatogram) :
Phosphates =~ = .- ) ’ -
Ribulose dlphosphate ‘ - 545 2.07 20,8 - 15.1
Uridine diphosphate ‘glucose and ,
UDP galactose - t 7.5 4o 8.3 1.4 4o8
Hexose monophosphates : 28.6 6.7 23.8 20,8 - 10.8 16.7
Phosphoglyceric acid - 21.8 2.5 35.7 16.8" 0.7  10.2
Phosphoglycolic acid _ St 849 0.%} 3.1 2.1 - 0.7
Phospho-enol-pyruvic acid : : 0.9 t J ° 2.8 A 1.5
Pentose- and triose-phosphates - 1.6 = 3.1 202 3.3
Unknowns in phosphate region 3.0 7.7 2.7 9.6 2.5 -

1G962-THON



: Condltlon -of experiment -

. Age of plant material

"Light intensity (footcandles on each
gside of lollip0p)

‘002 given (uc)
Specific act1V1ty of C02 (mc/ﬁMbl BaGOB)

Act1v1ty fixed '
Total counts fixed in 5 mlno/éce cked -
" algae or g. wet wt. leaves (10° ¢/m)
Counts fixed in. 80% ethanol-soluble
" . compounds (109 ¢/m)
% of fixed activity in solubles

Dlstrlbution of act1V1ty in 80% ethanol—
soluble compounds (% of total on chromatogram)
Phosphates )

Ribulose diphosphate

Jridine diphosphate glucose. and

- UDP galactose :

Hexose monophosphates

Phosphoglyceric acid

-~ Phosphoglycolic acid

Phospho-enol-pyruvic acid

Pentose~ and triose-phosphates

Unknowns in phosphate region

Table III-2

Chlorella

3 days

.30,000

150
800

2644

Scenedesmus -

- 24 hrs.

7500

-80
16,1

15.5

0.0
641

245

o 17of} =

4ob
0.4
0.6
1.1
1.8

Spirogyra

2700

16.1

6ok .

1ok

o 1263
- 25,9

745

OL—‘ O ct
O 08O

Nitella

2700

~ 100

16.1

‘400

5.0

602

40.8
240

2.0
el

045

uglena

=
6 days

7500
80 .
16.1

. 3V°3‘.--

1647

4344
S 10.4

0e4

3.3
1.7

Vaucheria

2700
16.1

10.4

503

505
18.6
3644

t

242

1.3
8e7

$9GZ=THIN



Table III-3

s 5
g 3
§ 3 g 5
o y a . 3 wa 8
o g oAt & o & a4
ot w8 ~ T 2 Ofr
= 3 8 EH o g bet B
i ge 58 g8 wg
| 5 | A F I |
Condition of experiment : -
Age of plant material ) 19 days 20 days o ' 20 days
Light intensity (footcandles on each 7500 2700 2000 900 - 600 2700
side of lollipop) _ ' ' S o ‘ ,
CO, given (uc) 80 100 . 253" 500 227 1100
- Spécific activity of 602 (me/mMol BaGOB) 16.1 16.1 9.1 9.1 9.1 16.1
Activity fixed ' ) '
Total counts fixed in 5 min./cc. packed :
algae or g. wet wt. leaves (10° c/m) T 1.9 - 42,0 0.9 - -
‘Counts fixed in‘gq% ethanol-soluble - _ ' )
compounds (10° c¢/m) 0.5 17.8 28.0 0.7 0.8 = 1.6
% of fixed activity in solubles 4.3 - 66,5 77.8 - -
Distribution of activity in 80% ethanol-
soluble compounds (% .of total on chromatogram)
Fhosphates _
Ribulose diphosphate 149 t. t 562 2 -
Uridine diphosphate glucose and : : _ _
UDP galactose 3.9 5.7 0.8. 7 6.3 8.8
Hexose monophosphates 12.7 11.7 9ed. - 21.0 26.2 17.0
Phosphoglyceric acid 542 11.6 242 2.9 5.7 9.7
Phosphoglycolic acid t - - t ? 0.6
Phospho-enol-pyruvie acid t 1.1 0.2 0.4 0.5 0.2
Pentose- and triose-phosphates 3.0 0«5 t t. 0.5 1.4
2.1 0.9 - 1.1 - e

Unknowns in phosphate region

g95Z-T40n



. Table II1-4

Condltlon of experiment . :
Age of Plant Materlal : previous

year's.growth
Iight 1ntensity (footcandles on each

 side of lolllpop) 50;000
CO, given. (ue) 245
Spelelc act1V1ty of 002 (mc/hMol BaCOB) 9%l

. Act1v1ty flxed

Total counts fixed in 5 mlno/cco, 'éked

‘algae or g. wet wt. leaves (10° c¢/m) 1.6
Counts fixed in %Q% ethanol-soluble i _

‘compounds (10° c/m) | R VA
% of fixed activity in solubles 88.8

Distribution of activity in 80% ethanol-solu~

" ble compounds (% of total on chromatogram)

- Phosphates :
Ribulose diphosphate -
Uridine diphosphate glucose and N
' UDP galactose L -

 Hexose monophosphates . : T el

- Phosphoglyceric acid ” : S bR
. Phosphoglycolic acid W -

- Phospho~-enol-pyruvic acid 0
Pentose-"and triose-phosphates .2
Unknowns in phosphate region 5

Juniper

Squash
' debean

Kalanchok

16 weeks
short ‘day

13,000
326
9.l

0.3
17.7

_—,g'[m

¢9GZ~TuN



Table III-5

o g
L @
: & 3 ok
0 & =
. L = — g g .
Condition of experiment L . ) ~ : m -
Age of Plant Material N o : young leaves of previous ~ young leaves :
‘ 3 mos. plant yearts growth. - of seedling seedling
Light intensity (footcandles on each : ) N
side of lolllpop) 13,000 .13,000 : 5000 5000
CO, given (ue) _ 196 349 263 276
Specific activity of COy (me/mMol BaCO3 ) 9.1 9.1 : 9.1 - 9.1
Activity fixed
Total counts fixed in 5 min./cc. packed :
algae or g. wet wt. leaves (10° c¢/m) - 3.1 - -
Counts fixed in 80% ethanol=-soluble
compounds (100 ¢/m) , 10.8 2.6 10.1 11.5
% of fixed activity in solubles - 83,9 - -
Distribution of activity in 80% ethanol-solu-
ble compounds (% of total on chromatogram)
Phosphates .
Ribulose diphosphate t - 3.3 1.4
Uridine diphosphate glucose and
UDP galactose ' 0.6 0.8 2.3 -
Hexose monophosphates 362 Lol 13.8 7.8
Phosphoglyceric acid 0.2 - 5.0 0.9
Phosphoglycolic acid t ? 0.2 -
Phospho-enol-pyruvic acid t e - ?
Pentose~ and triose-phosphates 0.6 AN 1.5 0.3
Unknowns in phosphate region 0.2 0.9 0.3 -

-91-
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Sugars

- ~Raffinose

- Maltose
Sucrose

Glucose
- Mannosey mannoheptulose
galactose, sedoheptulose
- Fructose . '

- Ribulose

Amino acids

Aspartic acid
Glutamic acid
Serine
Glycine
Threonine
Alanine

- Misc. below alanine

Miscellaneous

Unknowns beyond alanine
Dextrins?
Unknown below alanine

Totals

In phosphate region -
Sugars
- Amino acids

Mono~ and dicarboxylic acids¥¥*

Phormidium

Table II1I-6

Nostoc muscorum

1

Nostoc spe

o
o

Synechococcus

i 1 &« Haematococcus

Chlorococcum

\O
°
»

Chlorella

Rl.2
21.0

Scenedesmus

]

0 O e
RSP Spirogyra

2.3

.89

1.7
Re7

'18.3

- 05

5067
10.7
33.9

3.8

-~

¢99Z-Ta0n



Table III=7
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Table III-8

2D
o]
N S | - S %
- 3§ & £ 3 i -
5 5 o & 3 5 5 > g
b ] w0 95} i = [aa] < m
Sugars :
Raffinose - - 2.9 - - - . - - -
Maltose - 0.9 2.6 0.7 0.8 1.0 0.8 1.0 0.8
Sucrose ' 48.0 41.1 16.5 59,0 39.7 65.5 73.9 4503 59.8
Glucose - 7.6 0.9 0.3 - - - - -
Mannose, mannoheptulose,
galactose, sedoheptulose 108§H 208 Oody - - - - 15.8 -
Fructose - 1.8 0.4 1.0 - 0.8 - 0.9 + 0.5
Ribulose L lol = = - Lo = 003 ot
Amino acids
Aspartic acid t 1.0 t 0.5 = 1.4 0.4 - 262
Glutamic acid t t t - 0.1 - 0.6 0.1 - C.6
Serine : 1.2 603 202 603 201 404 lc5 293 ‘ 403
Glycine ? - 0.3 = 11.1 2.0 1.7 t PIA
Threonine - = - - 0.8 - - —-— 0.3
Alanine . 2709 505 lO.l 3'7 10'0 llal 904 l 7 Mo
Misc. below alanine e - - - - - - - -
Miscellaneous
Unknowns beyond alanine - - - - - - - - -
Dextrins? - 362 - - - - - - -
Unknown below alanine - - - - - - - - -
Totals
In phosphate region 9¢3 1544 69.2 17.7 37.4 4o8 10.4 26.4 10.4
Sugars - 49.8 50.7 R2.7 61.0 4065 67.3 TheT 63.3 61,1
" Amino acids 29.1 17.4 12.6 10.6 15,0 19.5 13.1 440 24 ok,
Mono- and dicarboxylic acidsg#it 6.6 13.9 3.7 8.1 3.5 6.1 0e2 3.9 302

Indicates radioactive spot on film, but activity too low to count accurately

Indicates radiocactive spot which may be compound listed but spots not distinet enough for certalnty
10-minute experiment

bl Activity in individual acids was not determined because spots were streaked

# o9 ot

- -6T-

G9GT-on
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Fig. 1 - Apparatus for algae experiments.
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Fig. 3 - Representative chromatograms from which data in Table III
were obtained.

A. 5 min. photosynthesis Fontinalis showing high
concentration of sucrose,

B. 5 min. photosynthesis Scenedesmus showing low
concentration of sucrose.

C. 5 min. photosynthesis Nostoc muscorum showing high
concentration of unknown compound below and slightly
to the left of alanine.

D. 5 min. photosynthesis squash showing absence of
unknown compound below alanine.



