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i~. Stepka, A. A. :Benson and IVJ. Calvin 

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

25 May. 1948 

, Abstract 

The radioactive amino acids synthesized from cl4o2 by green algae 

both in the light and in the dark after CO;z-free preillumination have been 

separated and identified using paper cnromatograp}Jy and radioautography. The 

radioactive· amino acids identified were aspartic acid, alanine and smaller 

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

absence of radioactive glutamic acid sub.stantiates the mechariism for reduc-

tion of Co2 previously postulated by members of this laboratory. 

·-----·---·-----------..--~. ----·----
* This paper is based on work rerfotmed under contract No. lii.-7405-Eng-L~S 

·with the Atomic Energy Commission in connection with the Radiation Labora­
tory, Vniversity of.California, Berkeley, C~lifornia. 

For publication in Science • 

-----------------·---------------·---------------- ·-----------------------------·-· -----
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111E PATH OF CARBON IN PHOTOSYNTHESIS. II. AMHIO ACIDS 

by 

'OOo 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 .Qhlorella pyreno~ 

anc .§£££.§lj.e ~us. D- .2 have been exam;i.ned after exr:osure to cl4o2 using the 

1:1ethod of paper chromatography. Not only have the free amino acids been 

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

'.i'he methods used in· these experiments have been previous:\,.y described 

(1,2) and invol--Q:e the preparation of filter paper chromatograms of whole cell 

extracts (BO% ethanol) or of amino acid mixtures obtained by adsorption on 

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

of the radioactive amino acids were either scanned with a Geiger counter or 

---------------·---------------·--------------------------~------------
1. Fink, R. 1\il. and Fink, K., Scien~ce, 101, 253 (1948) 

. 2. Dent, c. E., Steplr_a, "·· and Ster.:ard, F. C., Nature 160, 682 (1947) 

3. Calvin, M. and Benson, ·A. A., Science, 107, 476 (1948) 

* This pap0r is based on vrork performed under contract No. W..-7405-Eng-48 
with the Atomic Lnergy Commission in connect:J,.on with the Radiation Labora~ 
tory, Univer&ity uf Celifornia, Ber·keley; Californiao 

-----.... -,_...---...--~-- .. --·---- ~--- ·-----~--~~-----------
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' ' ' rac.ica,utographed. 

r;e have found in §~ed~§El~ the follo·wing amino acids listed in the 

order of decre:asing relative intensity of ninhydrin color on the chromatogram: 

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

leucine s, phenylalanine, tyrosine, -/~amino butyric acid ( ?) , lysine, 

;3 -alanine, thrponine, glycine and proline f. The radioactive amino acids 

photosynthesized by ScenEJdesmus from c14o2 in 30 seconds (3), include predr:min­

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

synthE:Jsized under these conditions and detected by radioautography included 

asparagine, serine, 1Z-:i..alanine and phenyl alanine~ 

r:hen the l'adioactive amino acids synthesized in the dark (1;.-minute) 

by preilluminated (10-minute) Scenedes~ vrere separated the predominant radio.-

active product was asp.;;.rtic acid with somewhat less labeled alanine.. hadio-

active phenylal~nine is synthesized in much smaller amount. 

The analysi.s of Q.hlQre~la is not yt:.t as complete as for Scenede§illg~, 

""'!1e following aminJ acids have been found in Chl.Q!:elf,;§. extract:;: glutamic 

') 
acid, leucim.:s, alanine, valine, glycine, an<.i /'..-alanine. Chlore:lla which 

have boen alloVJod to photosynthesize \l'ith c14o2 for .30 seconds form a pre-

dominant amount of radioactive a~partic acid with almo:;t as much alanine. 
/, 

Minor radioactive products include jJ -alanine and serine. Dark ( 1-minute) 

c14o2 fi:xatiop. by preil1uminated (60-minute) Chlorella yields largely radio;;;. 

active alanine. 

.-
i 

Identical Fith Spot #23 of Dent, Stepka s'nd Steward, 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 f it is not J_:ossible to com-
are its intensity. 

**Aspartic acid may be as high as 75% according to co-crystall:i,zation assay. 

----------------------------· 
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In all paper chromatograms the glutamic acid ninhyJrin spot was 

strongly evidento In no case '!j~·as any radioactivity found coincident with this 

spot. In cases v:here glutamine was present no corresponding rad.loactivity 

V'as observed. 

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

· sis, the same- pattern of radioactivity in the amino acids occurs. In both 

cases, the a,mino acids which have been identified corr6spond to the 3- .and 

4-curbon amino acids. This is in accord with the tentative scheme proposed 

E:arlier (3)' vrhich inferred that the 3-carbon amino acids, alanine, serine 

and ;?-alanine have their origin in pyruvic acid and the 4-carbon ones have 

the origin of their carbon skeletons in oxalacetic acid. The positive deter-

ULUJation of the absence of radioactive glutamic ncici is to bo taken as evi .. 

donee ag~inst th8 pq.rticipat;lon of tf:e tricarboxylic acid cycle in the anabolic 

path of co2 in photosynthesis. 


