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The Path of Carbon in Photosynthesis. II. Amino Acids 

by 

V~. Stepka, A. A. Benson and M. Calvin 

From the Radiation J~aboratory, Department of 
Chemistry and Division of Plant Nutrition, · 
University of Californ~a, Berkeley, California*' 

25 May 1948 

Abstract 

The radioactive amino acids synthesized from c14o2 by green algae 

both in the light and in the dark after CO~-free preillumination have been . 

separated and identified using paper chromatograpl;ly and radioautography. The 

radioactive amino acids identified were a;:,partic acid, alanine and smaller 

amounts of 3- and 4-carbon amino acids~ This finding as well as the total 

absence of radio~:~ctive glutam:L<;: acid subt::tantiates the mechanism for reduc-

tion of co2 previously postulated by members of this laboratory. 

---------~~----~-------·------------ -----~~----·------~ 

* This paper is based on work performed under contract No. w ... 7405-Eng-48 
y.rith the Atomic Energy Commif;sion in connection Vl.7ith the.Radiation Labora ... 
tory, l'niversity of California, Berkeley, California. 

For publication in Science. 

·--------------·--------~--------~--~-
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'l'HE PATH OF CARDON IN PHOTOSYNTHESIS. II. AMINO ACIDS 

by 

WUa Stepka, A. A. Benson and M. Calvin 

From the Radiation Laboratory, Department of 
Chemistry and Division of Plant Nutrition, 
University of California, Berkeley, California* 

The amino acid constitutent of the green algae Chlo~~yre~oidosa 

anc .§£§ill~ de ~1!§. D-.2 have been examined after exposure to cl4o2 using the· 

method of papE:r chromatography. Not only have the free am:j.no acids been 

identified, but the radioactive members of the group have been ascertained .• 

The methods used :j.n these experiments have been previously desGribed 

(1,2) and involve the preparation of filter paper chromatograms of whole cell 

extracts (80% ethanol) or of amino acid mixtures obtained by adsoq .. tion on 

cation exchange resins from the plant extracts. (3). The paper chromatograms 

of the radioactive amino acids were ei.ther scanned with a Geiger counter or 

-------------~---------
1. Fink, R. M. and Fink, K.' Science, 101, 253 (1948) 

2. Dent, c. E.' Stepl':a, \;' and Steward, F • c. ' Nature lQ.Q, 682 (1947) . ~ 
3. Calvin, l\1. and Benson, A. A.' Science, 107, ~~76 (1948) 

* This pap0r is based on vrork performed under contract No, W-7405-Eng-48 
vi!ith the Atomic Lnergy Commission in connection· vd th the Radiation La bora~ 
tory, Univeroi ty uf California, Berkeley, California. 

--.-------~--~ .. -------
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r;e have found _in Scened§_§Jl~ the follovring amino acids listed in the 

order of decreasing relative intensity of ninhydrin color on the chromatogram: 

glutamic acid, 11unknown11 *, alanine, serine, arginine, valine, aspartic acid, 

leucines, phenylalanine, ty-rosine, ._;(-amino butyric acid (?), lysine, 

/3 -alanine, threonine, glycine and proline+. The radioactive amino acids 

photosynthesized by Scenedesm,YE from c14o2 in 30 seconds (3), include predcmin,.. 

antly aspartic acid** with somewhat less alanine. Other radioactive amino acids 

synthesized ur1der these conditions and detected by radioautography included 

asparagine, serine, /3-alanine and phenyl alanine. 

VJhen the radioactive amino acids synthesized in the dark (l .. minute) 

by preilluminatE::d (10-minute) Scened.es~ vtere separated the predominant radio-

active product V':as aspartic acid with somewhat less labe;;led alanine. hadio,. 

active phenylalanine is synthesized in much smaller amount. 

The analysis of ChlQ.roll£ is not ;)'6t as complete as for .§.££~~.§.. 

"'l-:..e following amin.) acids have been found in Chl.Qrel).a extracts: glutamic 

acid, leucines, alanine, valine, glycine, and /?-alanine. .Qh1£r..~lla which 

have boen allowed to photosynthesize with c14o2 for 30 seconds form a pre~ 

dominant amount of radioactive appartic acid with almo:;t as much alanine. 

A1inor radioactive products J..nclude ;J -alanine and sei'ine. Dark (1-minute) 

c14o2 fixation by vreilluminated (60-minute) Chlorella yields largely radio~ 

active alanine. 

--------------·--------~~--------~-------~-------~--~-----~-------------~ 
IdEm tical r~ith Spot #23 of Dent; Stepka and Ste·ward, and very probably the 
same compound reported as (b) with chromatograms of E. coli digest: 
Polson, A., Nature 161, 351 (1948) 

t Due to the yellow color of this ninhydr ... n spot, it is not possible to com-
are its intensity. 

** Aspartic acid may be _as high as 75% according to co-crystallization assay • 

.......--------------~~· ........ ------~.· -----~~~-
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In all paper chromatograms the glutamic acid ninhylrin spot was 

strongly evident. In no case was any radioactivity found coincident with this 

spot. In cases v1here glutamine was present no corresponding radi.o9ctivity 

was observed. 

Thus it appears that in both dark reduction of c14o2 and photosynthe­

sis, the same pattern of radlOactivity in the amino a~ids occurs. In both 

cases, the amino acids which have been identified co:rre spond to the 3- .:md 

4-cr:~rbon amino acids.. This is in accord with the tentative scheme proposed 

eo.rlier (3) vrhich inferred that the 3-carbon amino acids, alanine, serine 

and If-alanine have their origin in pyruvic acid and the 4-carbon ones have 
. . 

the origin of their ea:cbon skeletons in .ox:Jlacetic acid. The positive deter-

ULU1aticm of the absence of rndioactiva glut~mic acid is to be taken as evi ... 

dGf!CEJ at_;ainst the participation of tte tricarboxylic acid cycle in the anabolic 

path of Co2 in photosyntllesis. · --' 




