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lo. Short-term photosynthetic experiments using c14o2 and paper chromato

graphy wre performed with 27 different plants representing nine phyla~ 

S~chizophyta (Schizophyceae), Euglenophyta.ll Chlorophyta.~> Charophyta, 

Chrysophyta.~> Rhodophyta)> Bryophyta~ Pteridophyta,l) and Spermatophytao 

2 o There is a remarkab],e. uniformity in the types of ethanol-soluble com~ 

pounds which became radioactive in the entire group of plants usedo 

The amounts of the different compounds varied considerab~ percentage-

vrl.se among the various plants as would be expected be.cause of their 

inherent metabolic differences and the variations in their physiological 

states induced b,y experimental conditionso 

3o Sucrose became radioactive in very different amounts in two major group-

ings of plantsg a) those containing only photosynthetic tissue and b) 

those containing non-photos,rnthetic tissue as wello The amount of radio-

active sucrose in the former group was much lower than that in the lattero 

4e An unidentified compound became radioactive in appreciable amounts in two 

of the blue=green algae~ but was radioactive in very small amounts or not 

visible at all on the chromatograms of all other plantso 

(*) Tche work described in this paper was sponsored b,y the UoSo Atomic 
Energy Commissiono 

(**) The authors wish to express their appreciation for the kind assistance 
of. Victoria Ho ~nch, Ro Co Fuller, Paul Hayes and JQ..tha Vann., 
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In consideration of the great differences in general physiology among 

plants the question arises whether there is a uniformity in the reactions 

involved in the fixation of carbon during the early steps of photosynthesis 

or ~ether there may also be differences in these basic reactionso To inves

tigate this question and to determine whether any differences, should they 

occur, might be correlated with ~logenetic relationships, a survey of 

representatives of major plant groups was made with respect to the kinds 

and relative amounts of the compounds into which carbon was incorporated 

during sb.ort~term photosynthesis.. The general methods employed in the study 

were tracer technique using c14 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 J> Haema tococcus ll Spirogyra and Chloroooccum (green algae), Ni tella, 

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

and Funaria (mosses)~ Gonicephalum (a liverwort)~ Ceratopteris and Polystichum 

(ferns}~ yew:~ juniperl' squash, soybean, Kalanchoo, tomato, ivy-; avocado and 

ba.rleyo 

With the exceptions of Haemotococcus, Spirogyra, Nitella, yew, juniper and 

ivy, all of which were used directly from their places of growth, the plant 

materials used in these experiments were grow.n in the laboratoryo The algae 

were grown under conditions shown in Table I and in media described in Table Ilo 

The mosses, liverwort, and ferns were grown in dishes of either pond water or 

V medium on a fluorescent light shelfo The squash, soybean, Kalanch~~ tomato 

and .avocado were grown in a fluorescent light chambere 
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Because of the differences in form between the algae and the other 

plants 9 two general methods of carrying out the co2 fiXation experiments 

were employedG The. algae were centrifuged from their nutrient media~ 

washed once with distilled water and centrifuged again.. 75 cco of a 1% 

suspension of algae in distilled water (based on packed cell volume) was 

poured into a flat chamber (Figure l)G 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 the light con~ 

ditions., The suspension was kept at about room temperature during this period 

by placing the chamber in a water=cooled batho Throughout this period and 

the rest of the experiment9 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 bicarbonat~ solution 

containing 400 J.tC .. c14 per mlo was injected into the vessel, which was stoppered 

immediately and shaken continuously in the light beam for 5 minutes. ··At this 

time the contents were dumped into 300 cc.. of boiling absolute ethanol, thus 

making an 8Q% ethanol solutione This mixture was then brought to a boil again 

and immediately cooled in a cold 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 counting the 

radioactivity with a wide=mouth Geiger Maller counter.. The amount of activity 

fixed in 80%=ethanol soluble ~ompounds was determined by centrifuging the 

ethanol suspension and similarly plating and counting an aliquot of the super

natanto The distribution of activity in the various compounds in the 8Q%= · 

ethanol extract was determined b,y two-dimensional chromatograpQy of a concan= 

trate of the extract on Whatman No$ 1 paper.. Phenol~water was used as the 

first solvent and a butanol~propionic acid-water mixture as the second sol

vent.. Radioautograms of the resul-ting chromatograms were made with "No...S~::r.e~n" 

X=ray film in order to find the location of the radioactive compoundso 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 totalactivity on the 

chromatogramo 

The co2 fixation experiments with the higher :PLants were carried out in 

a gas-tight chamber with parallel glass sides (Figure 2)o The thalli 9 leaves 

or larger portions of plants used for the experiments were transferred to 

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 prior to the adjust... 

ment periodo The chamber was illuminated in the same way as it was for the 

algae with the varying light intensities shown in Table III, The chamber was 

close~ and air drawn through it during the adjustment period which varied 

from 5 to 15 minuteso Following this time the chamber was partially evacuated 

and radioactive C0,2 was introduced in the amounts shown in Table III o After 

5-minutes' exposure to radioactive co2 (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~ soybean9 -tomato, and barley or first into 

liquid nitrogen where they were ground and then into boiling 80% ethanol in 

the case of Fontinalis~ liverwort~ yew, juniper, Kalanch~~ ivy and avocadoo 

The total activity, the activity in the 80}6=soluble portion and its distribu-

tion .·in the various compounds was determined in the same way for these sus pen-

sions as it was for the corresponding suspensions of algaeo 

(1) Ao Ao Bensoif" J, Ao Bassham9 Mo Calvin~ To C~ Goodale 9 V., A, Haas and 
W., Stepka; Jo Amo Chemo Soc, 9 72 9 1710 (1950)o 
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The rates of C02 fixation of the 19 plants tested varied_greatly as might 

be expected with such a wide diversity of plant types, ages of.the material, 

etc.. The rates ranged from Oo3 ~malo co2 fixed/gram of wet plant material in 

5 minutes in the case of the liverwort to l4o5 ~ mol .. /go/5 mino in the case of 

Fontinalis., (See Table III.) There was also a vrl.de variation in the percentage 

of th~ fixed activity which was extractable with 80% ethanol.. For those plants 

in which experimeptal methods permitted this value. to be. obtained, this figure 

varied from 17o?% for Kalanch~ to 88o8% for yewo 

Although there are wide variations in the rates at which the different 

plants fb;ed co2 and incorporated it into insoluble materials, there was a 

remarkable, similarity in the kinds of soluble compounds form.edo Ho-wever, 

their ~rcentage--wise distribution showed great variation., The detailed 

results are reported in Table III and some representative chromatograms from 

which the data. -were obtained are shown in Figure 3 o 

DISCUSSION 

S,everal . striking points stand out in the results of this survey of the 

photosynthetic pattern of a variety of plantso One of these is the remarkable 

u,niformity with which the various phosphates and amino acids are folind to 

become radioactive .in this type of experiment a Hexose monophosphates appeared 

radioact~ve on chromatograms of all 19plan:ts while pentose- and trio~e

phosphates and phosphoglyceric acid were found in all but one o The uridine 

diphosphate glucose and UDP galactose spot was on all but 3 papers·, and ribu

lose diphosphate~ phosphoglycolic acid, and phospho=enol~p,yruvate were easily 

visible on the majority of chromatogramso Of the amino acids, serine and 

alanine became radioactive in all the experiments, aspartic and glutamic ~ids 

in seventeen and glycine in sixteeno It is quite probable that compounds which .. 
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appeared radioactive in all. but a few of the experiments :as d'escribed actually 

were radioactive in every one 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 radioactive 1 in these varied plants 

indicates that the same basic pattern of reactions occurred iri the incorpora-

tion of co2 into cell constituents in all of the plants tested., And since 

nearly all major plant phyla are represented in the experiment it seems safe 

to assume that this set of reactions·· is the one which· is responsible for all 

photosynthetic co2 fixation and early metabolism., 

Despite the uniformity in the occurrence of these compounds~ there is a 

great variation in the percentage=wise distribution of radioactivity 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 experimental procedures and partly in the 

organis~ themselve·~.. Conditions under which -the experiments were performed 

were patterned after those 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 physiological states. In addition to the variation 

caused by environmental factors 9 there are variations caused by differences 

in the inherent metabolic rates of different organisms and differences-in 

age of the material used~ etc., 

However, ther~ 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 attributed.to the factors mentionedo' 

One of these compounds is sucrose~ the distribution of-which seems to divide 
,. 

the plants into two distinct major groups, one in which it contains less than 
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10% of, :the soluble radioactivity and the other in which it contains more th~n 

.35% of the soluble radioactivity (Figure .3A,B}a An inspection of the plants 

which constitute these two groups suggests that. this difference is associated 

with a _;:~tructural feature of the plants, namely the absence or presence of · 

liyi:p.g non-photosynthetic tis.suec. The more rapid synthesis of sucrose in 

those plants containing non-photosynthetic tissues can be rationalized in 

terms.ofthe selective 'advantage which lies in the production of a: disaccharide 

rather than a monosaccharide as the soluble energy source for such tissueso · 

Because of the glycosidic link in sucrose, hexose from it may be broUght into 

the metabolic stream without prior activation by JATP such as a monosaccharide 

would requiree Thus the transport of sucrose carries 2-5 Kcals more energy 

than the equivalent carbohydrate as a monosaccharideo Evidence to support 

this hypothesis that the amount of disaccharide formed is related to the 

presence' or absence of non-photosynthetic tissue in the plant rather than to 

.its;pJ:+y:logenetic rel~tionships is found in the experiments ·of Bean with 

2 Iridophycus;. a mUlticellUlar red alga containing non-photosynthetic tissueo 

In his experiments.Jwhich were carried out in a manner comparable to that used 

in this ~aboratory, -50% of the activity on the chromatogram was foUnd in the 

disaccll.aride, floridoside (a-dc>gaJ.acto-pyranosyl-2-glycerol) .. 

In-order to test how deeP-seated the relationship between the presence 

or absence_ of~ non-photosynthetic tissue and the rate of -sucrose ·production 

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 in another phase o . Presumably they might be expected to 

prodUC!a suqrose less rapidly during the former phase than during ·the·latter oneo 

(2) Ross Bean, Thesis, University of California, 1954• 
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In £ comparison of the results of these experiments with plants in the two 

phases of development~ it must be kept in mind that the moss protonemata and 

fern prothalli used were not of the same species as the mature moss and fern 

testedo However, the fact that the forms containing only photos,ynthetic 

tissue produced 23 and 24% sucrose (in moss protonemata and fern prothalli, 

respectively) and that the forms containing non=photosynthetic tissue produce 

48 and 3?% (in the mature moss and fern) could indicate that the potential 

for a higher rate of sucrose production-is physiologically controlled in 

forms without colorless cells and does not come into full operation until 

non=photosynthetic tissue is developedo 

The second compound which becomes radioactive in different amounts in 

different groups of 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 (Figo 3C»D)o This compound runs slightly 

farther than alanine in the phenol direction and a somewhat shorter distance 

in the butanol=propionic acid directiono It is weakly ninhydrin positive-and 

does not appear to be ~~€» diaminopimelic acido4 Upon heating in 1 N H+ at 

100° Co for 1 hour at least three new substances are formed. 

(4) Elizabeth Work and D. Lo Dewey, Je Geno Microbiolo, 9, 394 (l953)o 
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-----.~---.-
Algae Culture vessel Aeration -Agitation Medium Li~!l:t ·. 

--- '· . ; -
Phormidium 250 rnlo Erlenmeyer· no special provision occasional swi.rling'. v fluorescent 

by hand ... 
... 

Nos toe muscorum 2500 ~o culture flask air bubbled through ij JG ii 

.-
Nos toe 250 rnlo Erlenmeyer_. special provision il ,j 

soil. and water il SPo no 
.. 

., 
'" : 

Synechococcus 2500 mlo culture flask air drawn over constant shaking ffi+ Oal% Na ;_ ~ncandescent 
cedrorum glutamate 

., 

,·; 

Chlorococcum spo 2500 rnlo culture flask . QY. It!- v fluorescent 
- _, 

Chlorella " it it II II 

Scenedesmus it il if il II 

Euglena it• no speciB.l provision occasional swirling E ii 

by hand - .. 

Vaucheria 250 Erlenmeyer a1 " v n 

Porphyridium 2500 ml., culture flask air drawn over constant shaking s and B incandescert 
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cation-free water 

sea water 

1 M KN0.3 

1 M K2Hro4 
1M KH2P04 

1 M MgS04 "7H2() 

0.1 M Ca(N03)2 

1 M NH4No3 

1 M NH:4C1 

NaAc"3H20 

Difco tryptone 

trace elements 
solution* 

iron and EDTA 
solution** 

adjusted to pH 

-11-

Table II 

CONTENTS OF MEDIA USED FOR ALGAE 

v E 

1 1o 1 1. 1 1. 

5 cc .. 11 .. 7 cc .. 

0.5 cc. 5o7 CCo J cc. 

0.5 cc 

2 cc. 1 CCo 2 CCo . 

0.,25 CCo 1 CCo 

6 cc. 

1 cc. 

5 g. 

5 g. 

1 cc .. 1 cc. 

1 CCo 1 CCo . 1 CCo 

... 6.·8 ...8.5 -7.0 

UCRL-2565 

Sand B 

500 cc. 

500 cc. 

5 cc. 

0.6 cc. 

0.2 cc. 

1 cc. 

... 8.5 

(*) 1 cc. trace· elements contains 1.43 mg. H3oo3, 1;.05 mg. Mzf>O 4 •H2o, 
0.,05 mg. ZnG12, 0.,04 mg., CuS04•5H2o,_ 0.01 mg.-H2Jv1o04 •H2o. 

(**)The iron ~nd EDTA solution -~f! .prepared accordi~g'to the method 
described by jacobsen.,3 The c~ncentration ofFeso4•7H20 in media 
with 1 cc .. of this solution per liter is .0~0009 M. , 

(3) Louis Jacobsen, Plant.Fhysiol., 26(2): 411 (1?51)._ . 



Table III 

RADIOACTIVE C02 FIXED IN. 5-MINUTE PHOTOSYNTHESIS EXPER.IMENTS 

... ;. 

.... 

.,_'' 

... ~., , __ ' .. ;. 

Condition of experil!lent .. : 
Age of ::plant'-~ma ter:tal· 
Light i:p.tensi:ti (fO:ot9andles on each 

side . (;f 1oili:pop J ._ -· · ·· 
C02 given (J.ro') , - _-, : 
Specific activity of C02 (nic/mMol BaC0.3) 

Activity fixed .··.· ·· . .. 
Total qounts fixed in-- 5 min~/cc .. packed· 
· algae· or g. vr~t vrt. leave.s (106 c/m) · · 
Counts fixed in 8Q%.ethanol-soluble 

compounds (106 c/m) . . -
% of fi;x:ed acttivi ty iP, solubles 

Distribution of:activi ty in 80%' ethanol
soluble compounds~:.(% of total on chromatogram) 

Phosphates · 
Ribulose diphosphat$ 
Uridine diphosphate glucose and 

UDP galactose · 
Hexose monophosphates 
Phosphoglyceric acid 
Phosphoglyco1ic acid 
Phospho-enol-p,yruvic acid 
Pentose- and triose~phosphates 
Unknovrns in phosphate region 

20 days 

2700 
100 
16 .. 1 

2.8 

t 

28 .. U 21.8 
8.9 
0.9 

J.,O 

20 days 

6500 :. 
80 
16.1 

5.5 

7.5 
6 .. 7 
2 .. 5 

~·~ 
14 .. 6· 
7.7 

2?6o 
100 

0.,8 

2 .. 0? 

4o7 
2,3 .. 8 
.35o7 

.3.:.1 

.3o4 
2 .. 7 

4 days 

80 
16 .. 1 

2 .. 0 

0.6 
28 .. 8 

20.8 

8 • .3 
20 .. 8' 
16.8'· 
2.1 
2 .. 8 

. ).1 
9 .. 6 

270d 
40. 
16~1 

lo.3 

lo4 
10.8 

0.7 

§ 
() 
() 
0 
() 
0 

~ 

~ 
48 hrso 

15.1 

4o8 
16.7 
10.2 
0.7 
1.5 
3 .. .3 

B 

~ 
I 
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: .... , 

Condi tion~~of. experiment 
. Age of plant material . 
· Light intensity (footcandles on each 

side of lollipop) 
C:02 given (ttc) ·· · . 
Specific activity of C02 (mc/mMol Ba.C03) 

Activity fixed 
Total counts fixed in 5 mino/cco packed 

·· algae or go wet wt" leaves (10° c/m) 
Counts fixed in 80% ethanol~~o1uble 
·· · compounds '(1o6· c/m) · · · · ·· 
% of fixed activity in solubles 

Distribution of activity i'n 8~ ethanol~ · 
soluble compoUild.s (% of total on chromatogram}· 

Phosphates · · 
Ribulose diphosphate 
Uridine diphosphate ~1ucose and 

UDP galactose 
Hexose monophosphates 
Phosphoglyceric acid 
Phosphoglycolic acid 
Phospho-enol-p,yruvic acid 
Pentose- and triose-phosphates 
Unknowns in phosphate region 

Table III=2 

3 days 

30$1000 
150 

8.,0 

,· ,.·.· 

24 hrso 

.7500 
80 
l6ol 

2o5 

l7oj 

4o5 
0.4 
0.6 
lol 
loS 

2700 
100 
16ol 

lo4 

12.3 
25o9 
7.5 
t 
Oo9 
1.8 
Oo9 

2700 
100 
16 .. 1 

.. 5o0 

6o2 
40o8 
24.0 

t 
2o0 
4o1 
0.5· 

.··:· 

7500 
80 
l6o1 

lo5 
54o7 

3o3. 

16.7 
43.4 
10.4 

t 
0.4 
3o3 
1.7 

2700 
100 
16o1 

5 .. 3 

5o5 
18 .. 61 
36oY 

t 
2 .. 2 
1o3 
8.,7 

6 
I 





Con<ii tio~ of e~per:i.ment 
Age_. ot: _Plant Material 

'!'able III=4 

;.: ·' 

(I) 

.l>t 

previous 

llght intE?nl:;i1;.y (foo"j;;candles on each 
. £?ide of lollipop) 

year 1 s.growth 

co2 gi yen .. (p,c ) ·. _ _ . 
Specific activity of C02 (mc/mMol BaC0

3
) 

Activity fixed 
Tot~l counts fixed in 5 mino/cco packed 
· ·algae or go wet wto leaves (100 c/m) 

Counts fixed. in . 80J; ethanol=soluble 
· compounds (106 c/m) . 

%of fixed activity ii]. solubles 

Distribution ofactivity in 8~ ethanol=solu
.. ble compounds (% of total on chromatogram) 

Phosphates 
Ribulose diphosphate 
Uridine diphosphate glucose and 

UDP galactose · 
Hexose monophosphates 
Phosphogly'ceric acid 

. Ph_osphogly'colic acid 
Phospho-enol-pyruvic acid 
Pentose-·· an.d triose-phosphates 
Unknowns in phosphate region 

5bj)ooo 
245 

9 .. 1 

4o2 
-4o2 

0.9 
"1 
5o4 

J.t 

8. 
..-1 

§ 
~ 

spring_ 
growth 

5000 
244 

9ol. 

0.6 

4o8 
6 .. 6 
2.2 
t 
t 
1.2 

.. 

:II> 
0 s:: ..c:: ..c:: 'IS () 

I'll $ s:: 
~ ro 

-·~ r-1' 
cr' 'IS .•. 

(J) (J) t>r:f, 

16 weeks 
4 weeks 5- weeks short·day 

2000 3000 133000 
190 236 326 

9 .. 1 9ol 9ol 

1..7 

0 .. 3 
17.7 

9 
I-' 
\Jl 
i 

"1 0 .. 1 .... 

8 .. 0 1.3 .5.2 
38o3 l2o5 29.2 

·.· 11o9 '2 .. 1 o·.4 
t -
0.4 0.2 
0.2 1.3 1.8 
1.4 0 .. 2 0.8 

~ 
l\) 
\Jl 

"' \Jl 



Condition of experiment 
Age of Plant Material 

Light intensity (footcandles· on each 
side of lollip6p) · 

C02 given {j..tc) 
Specific activity of co2· (mc/mMol BaC03) 

Activity fixed 
Total counts fixed in 5 min./cc. gacked 

algae or g. wet wt. leaves (10 c/m) 
Counts fixed in 8Q% ethanol-soluble 

compounds (106 c/m) · 
% of fixed activity iJ?. solubles 

Distribution of activity in 8Q% ethanol-solu..;. 
ble cmrpounds (% of total on chromatogram) 

Phosphates 
Ribulose diphosphate 
Uridine diphosphate glucose and· 

T.IDP galactose 
Hexose monophosphates 
Phosphoglyceric acid 
F.hosphoglycolic acid 
Phospho-enol-p,yruvic acid 
Pentose- and triose-phosphates 
Unknowns in phosphate region 

.. 

Table III-5 

0 
+' 

§ -~ 
E-1 H 

young leaves of pr~vious 
3 mos. plant yearts growth 

13,000 13;ooo 
196 349 

9o1 9o1 

10 .. 8 

t 

0 .. 6 0.8 
3 .. 2 4ol 
0.2 
t ? 
t ? 
0.6 4.o6 
0.2 0.9 

0 
'0 m 
() ~ 
0 Q) 
l> r-f 
< ~-

j:Q" 

young leaves 
of seedling seedling 

5000 5000 
263 276 

9.1 9 .. 1 

3.3 lo4 

2o3 
13.8 7.8 

5oO 0 .. 9 
0.2 

J 
lo5 OoJ 
0.3 

g 
~ 
I 
1\) 
\Jl 
0' 
\Jl 

. . 
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Table III-6 

~ 
H ~ ~ 0 ~ 

~ 
0 0 0 

~ fll • 0 0 0 

~ ~ 0 0 0 tiS tiS 
•r-i fll 0 0 0 r-1 fll 

~ '0 0 0 ~- 0 r-1 (]) 

~ 
0 0 ...c: +> 0 (]) '0 
0 0 0 ~ H ~ (]) 0 +> +> ~ 0 ~ H fll fll (]) r-1 ~ (]) •r-i 

~ ~ 0 1>:. tiS ...c: 0 ~ z U) ::c: 0 0 (/) (/) 
Sugars 

-~Raffinose ? 
Maltose t. 0.8 
Sucrose .3 .. 8 .3.8 6.0 9.2_ .3.8 1.6 9o9 
Glucose 2 • .3 2.5 , .. 1.1 
Mannose~ mannoheptulose 

galactose, sedoheptulose o.s 
Fructose 1.6? ? 1.1'? 0.4 
Rib'!llose .3 .o . t. 

Amino acids I 
Aspartic acid 12.0 u.7 11.0 4·9 5.0 6.0 5.5 i9.2 2oJ 1-' 

-.J 
Glutamic acid 9.6 0.4 3.8 0 • .3 7.9 0 • .3 0.6 2.1 8.9 I 

Serine t 1.0 t 1.5 2.5 6.7 7.1 6.9 1.7 
Glycine t 0.8 t 1.2 1.4 .3.5 1.9 2.7 
Threonine .t - 1-.7 ..,. 
Alanine lo4 1.9 1.5 1.2 2.1 19.1 4.5 

.. 
4.0 18 • .3 

Mise. below alanine 19.6 

Miscellaneous 
Unknowns beyond alanine . 9.3 - 'A:;:;~ •. ,:·.; 

Dextrins1 -
Unknown below alanine 2.6 20.9 0.9 6.7 t 0.2 0.5 

Totals c::t 
In phosphate region 65.2 44·6 75.4 84.3 18.0 52.3 49.4 28.3 50.7 ~ 
Sugars 6.1 11.7 6.0 1.1 9.2 5 • .3 1.6 10.7 t-t 

I 
Amino acids 23.0 15.8 16 • .3 7.9 18.7 33·5 21.2 35.8 3.3.9 1\) 

\)1 

Mono- and dicarboxy1ic acids** 2.8 ? 4-5 2.1 43.0 3.8 21.0 22.1 3.8 0" 
\)1 
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. !'; -:;·.' 

•.)1' '. 
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\' ;- ,. ·':f:. ·:.' .···.: :. ·-~ 

sugars 
Raffinose , ... ; ; ·: : 

· Maltos~ .: ' ... 
Sucrose- -
Glucose .;'_.-
Marill.os~-~ mannoheptulose, 

galact;.os.e, .sedoheptulose 
Fructose: .. ; · · 
Ribul.ose-

Amino <;!.Cids · .. 
Aspartic .acid 
Glutamic :·acid 
SeriJ?.~ · .. _ . :': :; :····~ .. 

, ... 
Glycine_-.. 
Threonine 
Alanine ... _ 
Mise-~ be-lo-w alanine 

Miscellaneous 
Unknowns beyond alanine 
Dextrins'? 
Unknown belo-w alanine 

Totals 
In phosphate region 
Sugars 
Amino acids 
Mono- and dicarboxylic acids** 

Oo4 
0.,4 
lol 
8ol, 

2o5 

82.,6 
2o3 

l2o5 
lol 

Table III=-7 

-.. ~ ..... -
·' r:' . 

..... ,. 

- .. -· lo7 

'·.' 

lo4 .. 4o6 .. Jol_ 
Oo5, OoJ . 4o4. 
2 .. 5 4ol 7 .. 9 
6.,2 · .. 2o7 l7o5 

. . 

0.,6 2o8 10.,5 
J.O 

6 .. 0. ' 
JoO . 
Oo4 ·: loJ: 

80.,1 78 .. 0 4lo0. 
Oo9 JoO lo7 

11.,2 l4o5 46o4 
3 .. 8 4.-0 2 .. 0 

.. 

1~0 
22o8 

2.1 .. 
2oJ 
6.,5 

10 .. 0 

2lo2 

0 .. 6 

3lo5• 
2Jo8 
42ol 
5oJ 

5o2 .. . 
5o9 .. . 

47~7. 

J.,J 
J.,O 
1.,6 
2o3 

l2o2 

12 .. 6 
58.,8 
22 .. 4 

6.,6 

... 
0.,4 ; 

45o0 .. ·· 

],.o'l, 
0 .. 8 
0.,8 
1.,7 

16.,0 

0 .. 4. 

3lo2 
45o8 
21.,0 
4o2 

35o6, 
2 .. ],. .• 

0 .. 5 ... 
5~8~. 

.,..::._. 

0 .. 5 
OoJ 
0 .. 5 
OoJ 

10o5 

... 

39o2 
44o0 
12 .. 1 
2o7 

1;.,/' 
24 .. 2 ... 

7.,2 
1.0? 
2 .. 9 .. 
lo3 -- . 

lOoO 
-

38ol 
24o2 
22.4 
15o0 

'l: 

8 
I-' 
00 
I 

' 

§ 
::0 

1 
l\) 
\J'1 
0' 
\J'1 
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Table III~8 

~ 
~ § ..c: 0 

B. ..c: (.) 0 '0 1>:. 
tQ 15 s:: +> QS Q) 

•rl ~ 'II ~ 0 r-i 
~ § & r-l ~ 0 ~ Q) o' 'II 0 ~ 1>-t 1-:1 tl) tl) :..:: E-i H ~ 

Sugars 
Raffinose 2 .. 9 
Maltose Oo9 2 .. 6 0 .. 7 0 .. 8 loO Oo8 loO Oo8 
Sucrose 48o0 4lol 16 .. 5 59.0 39 .. 7 65o5 73,9 45o3 59o8 
Glucose 7 .. 6 0 .. 9 0 .. 3 
Mannose, mannoheptulose, 

losSH galactose, sedoheptulose 2o8 0 .. 4 15.8 
Fructose lo8 0 .. 4 1 .. 0 0 .. 8 Oo9 • Oo5 
Ribulose 1.1 Oo3 ·-

Amino acids 
Aspartic acid t loO t 0 .. 5 1 .. 4 0 .. 4 2o2 
Glutamic acid t t t 0.1 0.6 0.1 0 .. 6 
Serine lo2 6 .. 3 2.2 6 .. 3 2ol 4e4 lo5 2 .. 3 4o3 
Glycine ? Oo3 ll.l 2.,0 1 .. 7 t 2o4 8 .. 1-' 
Threonine -: 0.8 Oo3 "' 8 
Alanine 27o9 5.5 10.1 3.7 loO llol 9o4 lo7 l4o6 
Mise.. below alanine 

JV.liscellane ous 
Unknowns beyond alanine - .. 
Dextrins? 3 .. 2 
ijnknown below alanine 

Totals 
In phosphate region 9o3 l5o4 69o2 17.7 37 .. 4 4o8 l0o4 26.4 10 .. 4 
Sugars 49 .. 8 50.7 22 .. 7 61.0 40o5 67.3 74o7 63.3 6lol 
.Amino acids 29ol 17 .. 4 12.6 10.6 15.0 19.5 13.1 4.0 24.4 § 
Mono- and dicarboxylic acids** 6 .. 6 13.9 3·7 8 .. 1 3o5 6 .. 1 0.2 3o9 3o2 fl 

I 
t Indicates radioactive spot on film, but activity too low to count accurately l\) 

\.)l 

? Indicates radioactive s~ot which may be compound listed but spots not distinct enough for certainty 0' 
\.)l 

* 10-minute e~riment 
** Activity in individual acids was not determined because spots were streaked 
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Fig, l -Apparatus for algae experiments . 
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Fig. 2 - Apparatus for leaf 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 muscorurn 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. 
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