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The Path of Carbon in Photosynthesis. Il. Amino acids

-

by
#H, Stepka, A, A. Benson and M, Calvin

From the Radiation Laboratory, Depariment of
Chemistry and Division of Flant Nutrition,
University of California, Berkeley, Cxllfornla

25 May 1948

Abstract

The radioactive amino acids synthesized from 01402 by green algae
both in the light and in the dark after CO,-free preillumination have been
separated and identified using paper chromatography and radiocautography. The
radicactive amino acids identilied were aspartic acid, alanine and smaller
amounts of 3- and 4-carbon amino acids, This finding as well as the total
sbsence of razdiocactive glutamic acid substantiates the mechanism for reduc-

tion of CO, previously postulated by members of this laboratory.

¥ This paper is based on vwork rerformed under contract No, ®- 7405—Eng -48
7ith the Atomic Energy Commission in connection vith the Racdiation Labora-
tory, University of California, Berkeley, California,

For publication in Science,
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THE PATH OF CARBON IN FHOTOSYNTHESIS. 1II, AMINMO ACIDS

by

W, Stepka, A. A. Benson and M. Calvin
From the Radistion Laboratory, Department of

Chemistry and Division of Plant Nutrition,
University of California, Berkeley, California

The amino acid constitutent of the green algae Chlorella pyrenoidosa

an¢ Scenedesnus -3 have been examined after exposure to 01402 using the

method of paper chromatography. UNot only have the free amino acids been
identified, but the radioactive members of the group have been ascertained.
The methods used in these experiments have been previously described
(1,2) and involve the preparation of filter paper chromatograms of whole cell
extracts (80% ethanol) or of amino acid mixtures obtained by adsorption on
cation exchange resins from the plant extracts, (3). The paper chromatograms

of the radiocactive amino acids were elther scanned with a Geiger counter or

1, Fink, R. M. and Fink, K., ocience, 107, 253 (1948)
2. Dent, C, E., Stepka, ™. and Stevard, F, C., Nature 160, 682 (1947)
3, Calvin, M. and Benson, A. A., Science, 107, 476 (1948)

* This paper is based on vork performed under contract No, T=7405-Eng-48
vith the stomic Lnergy Commission in connection with the Radiation Lahoras
tory, University of California, Berkeley, California.
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raCioautographed,

"6 have found in Scenedesmus the following aminc acids listed in the
order of decreasing relative intensity of ninhydrin color on the chromatogram:
glutamic acid, "unknown”i, alanine, serine, arginine, valine, aspartic acid,
lencines, phenylalanine, tyrosine, X -aminobutyric acid (?), lysine,
,a?-alanine, threonine, glycine and proline*. The radicactive amino acids
photosynthesized by Scenedesmus from 01402 in 30 seconds (3), include predrmin-
antly aspartic acid®™ with somewhat less alanine, Other radiocactive amino acids
synthesized under these conditions and detected by radioautography included
asperagine, serine, /“-alanine and phenyl alanine,

hen the radioactive amino acids synthesized in the dark (l-minute)
by preilluminuted (1O-minute) Scenedesmus were serarated the grecominant radio-
active product vas aspartic acid vith comewhat less labeled alanine, hadio-
active phenylaianine is synthesized in much smaller amount,

The analysis of Chlorella is not yet as complete as for Scenedesmus,
™i¢ following amin acids have been found in Chlorella extracte: glutamic
acid, leucines, alanine, valine, glycine, anu,/;—alanine. Chlorella which
have been allowed to photosynthesize with 01402 for 30 seconds form a pre-
dominant amount of radioactive aspartic acid with almo t as much alanine,

Minor radicactive products include /§>—alanine and serine. Dark (l-minute)
01402 fixation by preilluminated (60-minute) Chlorella yields largely radio-

active aslanine.,

i . . :
Identical vith Spot #23 of Dent, Steprka and Steward, and very probably the
same compound reported as (b) with chromatograms of E. coli digest:
Polson, a,, Nature 161, 351 (1948)

+

Due to the yellow color of this ninhydr.n spot, it is not rossible to com~
are its intensity.

*% Agspartic acid may be as high as 75% according to co-crystallization assay.
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In all paper chromatograms the glutamic acid ninhyirin spot was
strongly evident, In no case wias any radioactivity found coincident with this
spot. In cases vhere glutamine was present no corresponcing radicactivity
vas observed,

Thus it appears that in both dark reduction of cl40_ und rhotosynthe~

2
sis, the same pattern of radicactivity in the amino acids occurs. In both
cases, the amino acids which have been identified correspond to the 3- and
4-carbon amino zcids, This is in accord with the tentative scheme proposed
earlier (3) vhich inferred that the 3-carbon amino acids, alanine, serine

and /ﬁ—alanine have their origin in pyruvic acid and the 4-carbon ones have
the origin of their cazibon skeletons in oxalacetic acid., The positive deter-
mnation of the absence of radiozctive glutamic acid is to be tzken as evie

derco apainst the participation of tle tricarboxylic acid cycle in the anabolie

path of CO, in photosynthesis.



