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ABSTRACT
Some chemical, ~hvysical, and cnxomatagranha' properties
stabili~ed eariy products of CO, fixation in photosynthesis are de
., these ;':rope riies

no definitive structural information iz yeti available
with the biochemical context in which the material sppears, maks po
k] t P

iikely suggestionsz about the nature of the substances.
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FARLY UNSTABLE CO,-FIXATION PRODUCT: IN PHOTOSYNTHESIS
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Helmut Metrner, Barbara Metrner, 2. Melvin Calvin

Radiation Laboratory an’ Department > Chemistry
University of California, Berkeley, California

December 18, 1987

A comparison of the influence of different killing procedures on TG, fixation
in short periods of photpsynthesis {5 to 10 secounds’ suggested that a part of the
CO, is unstably bound. ~ Cold solvents extract some of this labile complex but
it apparently decomposes during ithe following {raciionatica aand counting procadure.
I’ the algae are poured into boiling ethanol, however, less TO, appears to be
fixed, presumnably because the uastable compound(z is {are) af least parily
decornposead to give back CO.,. 2 The addition of hydroxylamine {io 2 concenira-
tion of 0.01 M) io the algal siispension immediately hefore ihe killing process
gives a significantly higher CGZ fixation than occurs in the abseance of
hydroxylamine. The additional fization product(s) iz {are) relaiively stable
during the succezediag procedure.

To stu'ly this ;ahe!mfnenen in greater detail Scernedesmus suspensions werse
allowed to assimilate C*%0, for periods between 5 zeconds and 5 minutes. They
were then killed by acetone ‘or ethanol at about -307, After addition of acetic
aci! {to remove excesscradiaactive bicarborate) an nliguot was sealed {(after
rapid evacuation at -45 Cj into a glass bomb contaiving a cogper—copper oxide
mixture together with some glucose as a carrier substance.” Most of the manip-
ulation and storage of these bombs was carried out in a liquid oxygen bath and
the temperature was not allowed to rise above -20 O at any time before the com-
bustion vessel was sealed. The organic material wes burned (at aboui 650°C)
and the activity of the resulting CO, measured in an ioniration chamber with a
vibrating-reed electrometer. By this means 2 valus for the "total fization™ was
obtained. The difference between this amount and shat obtained by the standard
procedure of plating the suspensicn cn aluminum plancheis and counting with a
Geiger-Mueller fube gives the amount of "unstable fixaticn. " It was found that
after 5 seconds of photosynthesis more than half the activity is bo:ad ia a labile
complex which is lost dJuring the normal procedure. At least scmme of this loss
can be prevented by the addition of hydroxylamine to the suspension either baiore,
together with, or [if the temperature is low) after z-'dition of the zolw
the -illing of the algaes. Thus the experiments with the gas counting m:

irme- the resuiis of our sarlier experiments, in which the stabili~ia
the hydroxyiamins was indicated. Z Table I gives smme data obiained

srmaneni addraess: Plant Phvsd
Germany.
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plate counting procsdure which illustrate the affec: hoal z:«:m»:ﬁ femperature
and hydroxylamma on the amount of @02 fized. nilcence of the hydroxylamine
upon the fraction of the activity that is soluble in e'f‘taanﬁi is a0t very proncuncad,

In all acetone experiments, however, a marked afisct of bydroxylamine on the
distribution of activity between soluble and insolubis components is appareni
{Table II). At least a part of the increased fraction of the activily appearing

in the acetone-soluble components is accouanted for by the incresased amount of
stable phosphate esters apparently brought into soiution by the hydroxviamine.
it appears as if the hydroxylamine liberated the phosphate from either = sali-
or anhydride-type linkage with the enzyme, thus aliowing the phosphate to
dissolve. The application of hydroxylamine may very well lead to the detac icn
of new phesnhnrvlated compounds, which during the normal exiraction procedur
are retained by the iasoluble fraction.

Table I

Influence of NHZOH on the stable CC, fixation
(5 sec photosynthesis after 90 sec flushing with N, in the light)

Killing Procedure Without NHZOH With NE-!ZOd
Boiling ethanol 3098 3892
Ethanol {-35°C) 5506 | 1390

* . 7o .
Values are in thousands of counts/min/cc wet pm;aed cells, determined
as total plate counts of the original algal suspension ian ethancl.

Table II

e e e
— — i s

Stable C{}Z fixation and activity of the acetone-soluble fraction

{5 sec photosyathesis after 90 sec flushing with N9 in the light)

Killing procedure Stabie fixation Activity of the Helative amouant of
in total acetan‘,_sq}uéﬂle phosphorcus esters’
original fraction in acetons-soiuble

suspension fraction (%)

Acstone (-36°C) 3099 650 5.5

NHZOH followed %y

acetone {-357C) 5517 4387 33.%

Acstone {-35°C)

followes by NH, OH 3490 3320 43.3

> in thousands of counts/min/cc wat packed ceils
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The discovery of the hydroxylamine =sifect f,n.c“urage 13 to develop a
method for the study of the initially unstabie compisx, or iis more siable
derivative(s), by paper chromatography, Prelimin ary suzperimenis wers
periormed to see whether the labile complex survives contact with the solvent
systems we weres using. Aliquots of two Scﬂnedes*aus suspengions kiiled by
subzerc acetone, both with and without previous addition of hydr oxylamine,

were pipetted cnto a sheet of chromatography paper. Ouae spot of sach ssries
was cut out and burned in a glass bomb. The remaining spois were wet sither
with phenol or with the 'butaaoi-—propmmc acid mixiure used in the anormal
chromatographic separaiion. After the paper was dried in a stream of cold air
{total contact tirmne with solvent 5 to 10 minutes) these spots were cut out aad
burned in a similar way., Whereas the aliquots taken of extracts with alcohol

or acetone upon couatact with phenol suffered a losa of about 30% of the acivity
comparad with the spot that had no solvent contact, mh-ag was lost {rom thoss
extracts involving the hydroxylamine. The butanol-propionic acid mixture, on
the other hand, leads to practically the same loss (about 10%) from both types

of extracts. This suggested one-dimensional chromatography using ounly phenol,
To improve the separation the paper was cut as described elgewhere,

Two series of experiments were periormed using Scenedesmus cells that
had been photosyathesizing in C° 70 fm’ 5 seconds. In one, ine cells were
killed and extracted with alcohol {Fig. 1) and in the other with aceione {Fig. 2.
In each geries the organic inscluble residue was exiracted with water. The
two extracts (organic sclvent and water extracts) ware chromatographed separately
in one dimension with phenol. All the chromatograms of material to which
hydroxylamine was added either before, during, or after the killing process
showe- two fluocrescing spots which coincided with two blackened bands on the
exposad x-ray films. The faster-moving ssot {(F) rune just behind malic acid
an' is not in general well separated from it even afier an 18-hour run. ""he
other fluorescing compound (F') lies between malic and aspariic acids. In the
control experiments (without hydroxyiamine) with cold and hot ethancl as weall as
with col? acetoune there is only a trace of a lower band thai might correspond to
F'. From pheuncl chromatograms of the alcohol-soiuble compounenis (Fig. 1,
ieft) it was possible to estimata the amounts of F and F' (in Experiment &) at
about 9% of the iotal extracted into alcohol. Since this extract c¢ontains about
half of the total C14 fixed, the amount of F and F} that survives the cﬁr@matog"ac}:
constitutes about 5% of the total.

.

- s geme

Two-dimensional chromatograms do net se=m o show the upper bawd {F)
{Fig. 3); it appears to have been desiroyed by the bvtanob-mrspwmc acid sysizsrm.
In the hydroxylamine experiments, however, some >i the iowsr spot 5{"5“3} ain:
it often separates into two bands [F' and F", with the latter runniang <lose $o
aavartic acid). Tts ¥ activity decreases within two weeks {o aboul oune »"; 33
its original valuz. Another fluorescing compound moving fasier thas ¥
present but is 20t radioactive. No fluoresceant area was seen on any of e
dimensional chromatograms of the control series {without hydroxylam
‘fﬁ.Lﬁ Appears that the comypound ¥ is more siable o pheool than io act
‘. at lesast io some extent, can survive the autazn L
tieniariy if gzyéyﬁxyidmwe 13 adde; 2 e
@ F'are o b2 z2an in the phenol

4
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with boiling ethanol in the absence of hydrouyviamine {(Fig. I,
ig probably not the original labil :

The fluorescing areas clearly show ultraviolet ahsorption when 2xamined

between a fluorescent screen and its activating light source. An attemnt was

marde to determine the uliravioiet absorption specirum of the uanstable {luorss-
cent material ¥, by eluting it with 0.1 N NaOH from a one-dimensional :>u=»zwi_
chromatogram as 30on as possibie after the chromaiocgrapkic separation and
development of the exposed film. We tried to balan“e out the paper contamin-
ation by elutmg an equal weight of paper which had io plant sxiract on it to us
as a blank. The specirum showed iwo peaks, one aZ 255 and another at about
285 mu, sometimes with a shoulder at longer wave lengths (about 340 mu . ?:z.e
uacertainty of the balance, however, makes the value of these measurement
doubtful as yet.

The time of appearance, chromatographic behavior, lability, aad particularly
the fluorescent behavior suggest a complex carrier of 2 one-carbon compcund as
a likely possibility for this active CO,. " The specirum, if real, would sugges:
the presence of a pterine moeity, The limited information available does ast
aliminate the possibility of a nucleotide™ as well, anl the variety of fragments
into which it breaks upon manipulation may be taken as a reflection not only of
its reactivity but of its complexity as well.

sye ch an "active CO," were the natural substirate for the carboxyiaticn
reactzgn of carboxydismutase” it would account for the ag:p%; ently too-amall
turnover rate of this enzyme system with COZ as substrate. © Further-mors, 2
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Weissbach, Horecker, and Hurwiir, J. Biol. Cham. Eig’y

E. Racker, Nature 175, 249 {19853,
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and Ribulose Diphosphate Carboxylase, J. Bicl. Chem. (in press);
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could alsc account for the

In any case, the stabﬂw*ng effect of hydroxylam
in terms of an exiremely rapid and facile r=action,
shosphoric a*xhvr“fide; s:iuocarbenate carbamats, o
reactive derivative of these,

This work was done under the auspicss of the
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Figure Capiions

¥Fig. 1. Radicautograph of onz-dimensicnal phenol chromatograms i various
aicohol an water extracts of Scepedesmus ceils that have been photosyn-
thesi-ing iu C 140_ for 5 sec and then are killed in a variety of ways. {Left,
the ethanol sxtracts; right, the water =xiracis of the alcohol-insolubie

resiue.

Key: {1) hot alcohol; {2) cold alcohol @-ESDC}%; {3} hydroxyiamine added

to cell suspension to make it 0.01 M. in hydroxviamine and then immediately
killed in col alcohol (-BEDC}}; (4} hvdroxvlamine added to ceil suspension
to make it 0.01 M in hydroxylamine and then immediately killed in hot
alcohol; (&) algae killed hg dropping iato a 0.01 M spolutica of hvdroxyl-
amine in cold ethanol {-35°C); {6} cold alcohol {-357C) followed in 5 sec
by the addition of hydroxylamire; {7) coid alcohol Q{-B’SOC?} followed in

80 sec by the addition of hydroxylamine.

Fig. 2. Radicautograph of a one-dimensional pherol chromaztogsam of varicus
acetone and water extracts of Scenedesmus ceils that have S2en photo-
synthesizing ia C 140  for 5 sec, and then have been killed im a variely of
ways. Leit, the acetoune extracts; right, the waler extracts of the acstone-
insoluble residue,

Key: (8) killed by cold acetone {-40° C); {9} killed in cold acetone {-40° C)
immediately after addition of hydroxviamine to cell suspension fo make it

0.01 M in bydroxylamine, ({10} killed in cold acetone {»409 C) followsed in
5 sec by the addition of hydroxylamine.

Fig. 3. Radioautographs of chromatograms of 5-sac photosyathesis experimenis
using Scecadascnus: light turned off and hydroxylamine added; aiter 1 min
ethanol {-36° C) added. Top, zthancl extract; bottom, water exiract of

3
4

alcohol-insoluble materiai.
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