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A
CO2 agsimilation by etiolated Hordeum vulgare
seedlings during the onset of photcsynthﬁsis.lﬁz
Jeo 'Biggins3 aad R, B, Park
Lawrence Radiation Laboratory and Department of Botany,
University of California, Berkeley, California
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Seedlings, germinated and grown in darkness, develop at the expense
. |
of energy liberated by the breakdown of seecd reserves. Ixposure of such
| .
ctiolated plants to light »esults in the conversion of the existing

: |
protochlorophyll to chlorophyll a followed by net synthesis of chlorophyll

e

in the proplastid. After the initlal pigment conversion; the proplastid

undergoes a marked structural reorgéniz&tion concurrent with the formation
of the photoéynthetic apparatus and developrent of an autotrophié metabolism.
. P

Several biochemical and ultrastructural paramefers have reéeived

attention during guch an onset of autotrophy in ctiolated plant% and

f )
algae. The proplastid in the etiolated crganism is bounded by a . double

' .
membrane and containg small vesicles (3,11,1%,21), These appear to aggre=-
sate to form prplamellar bodies (1l). At this ﬁtage the proplastids con-
tain protochlorophyll (16), cytochroﬁcs f and bg (8,10) and carotenoids (17).
Exposuré of the etiolated plants to light results in a‘rapid formation of
lamellae, differcentiation into grana and stroms lamellae, and development
of the proplastid into a matufé chloroplast,

Oxygen ¢volution does not occuy until the plants héve received
30-minute irradiation (17) 2nd net chlorophyli synthesis has commenced
(#,18), In Euglena thg uptake of carbon dioxide appears io gLcur con-
currently with the synthesis of chlcrophyli end evglution of oxygen
and with the formation of lamellae within the proplastid (18).

Light-induced fluorescent yield changes were first detected in
etiolated bean leaves after 2-hour illumination (6). At the same time,
chliorophyll §_differentia%ed into a~670 and 4-68G, and Caos and chloro=-

phyll b were observed. 1t was concluded that the two photesystems of

o

the higher plant photosynthetic apparatus develop at the same time and



‘malic, aspartic and glutamic acids. Alszo, a further two~hour iliumi-

that electreon transport commonces as soon &s the pedction ceaters are
organizad, |

Consistent with these data are the cbservations that photo-induced
absorption changes attributable to_cytochrome'f'(s), and the photo~

induced electron paramagnetic resonance signal in a greeaning Chlamydomonas:

mutant (1) do not appear until net chlorephyll synthesis gtarts., This
takes place after & lag phase subseguent to the initizl illumination,
Tolbert and CGailey (19) observed that significant Co, fixation in

gtiolated wheat does not occur until zome twoe hours after continuous,

rapid chlorophvll synthesis commences, The initiel fixation wag into

nation was found to be necessary before hexose phosphates and sucrose
appeared labeleﬁ. It was concluded that the availability of pribulose
diphosphate is & limiting.factor during the greening process. In the
present investigation we find significant increases im €O, fixation after
ohiy one to two hour {llumination. The operatidﬁ of the Calvin cycle
appears to be concurrent with the pho%o-induced increases in CO, uptake
and with chlorophyll synthesis, WUe attribute these variations to dif-
ferences in plant material and experimental design.

Haterials’and Hethods

Preparation of etlolated barley secdlings: Seeds of Hordeum vulzare

(1856 ecrop, var. Tennessec Wintar) were imbibed in aerated water for 24
P ?
hours and grown hydroponically in complete darkneas for six days using
1/200 strength Hoagland's solution. For the greening expaeriments the
& 1.4 [ I
secedlings were illuminated by & bank of unfiltered fluorescent tubes
iving an incident light intensity of 500 foot candles. Samples of

scedlings were taken at intervals of time during this illumination period



b
and their capacity for C02 assimilation was measuvred in the light and
dark.
1y

Iin vive Cl“02 assimiletions C

—

5 883 izilation was cgnducted in
an apparatus shown in Flguﬁe 1 which contained three whole seadlings,
The apparatus aand éegdlings werehequilibrated for 10 minutes in the dark
or 5000 foot candle white light (photeoflood and infrared filter)
gassed with 1% CO, in air. At the start of the veaction, the apparatus
was closed and 200 ul 0.06 ¥ NaHC*Gs (1.98 mC/ml) wag injected through
the serum cap into the phosphoric acid in the side arm liberating 12
.’vmclea Cl“Oz‘(396 e in 20 ml velume). The seedling gs were expoged to
cl“cz for 4 minu@eé and the reaction was stopped by fapidly disaasembling
the apparatus in a safety hood,.cuttiﬁg off the leaves and plunging them
into liquid nitrogen. The leaves were then homogenized in warm 80%
methanol using & mechanically dri&en glasg pestle and homogenizer, The
_“cqultlhg macerate was transferred quantitativély to a test tube and
boiled for one minute, ,
Extra@tion of plant residues: The residues were extracted suce
cessively with S0% and 20% methanol Followed by warn water. The residue
dry weights were then measured. The combined supernatants werévbéduced

on in vacuo followling procedures develoﬁed in this

et

et

y distiliat

t}"

in volume

laboratory (2)° The radio-carbon contentz of 100 ul allqu samples were

determined by means of a Packard Tri-card autcmatic liguid scintillation

spectrometer using 10 ml scint i llation solution® and one drop of commer-

. Lol \ o , . ailss
cial bleach (¥a0Cl) to decolorize the pigments. After the initidl
counting, an internal standard (230 ul Cl”~ioluene,-123 dpm/ul) was added

s

t6 each vial and the vial was racounted,
' )

R T T - R TR S S PN

(2000 ml *oluc¢u, 2000 w1 n-dioxane, 31200 ml ethancl, 200”3 naphthalene

-

26 g 2,5-diphenyloxazele and 0.5 g 1,4 113*3*(u pu uyloxazol henzenc)
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The distri bution of radiocarbon -in the products of CO2 assimilation
wvas determined in early samples by chromatographic enalysis. A&liquot

{

camples of;the extracts were pléced'on ¥Whatman No, Mrpaper and,chromato-
graphed in two dimensions using & new selvent conua;nlng anmonla, iso=
butyﬁic écidD water and several- aliphatic alcohols in the lcng;
dimension (7) and n-butancl-propionic acid~watér (Q)Iin the othar
dimension. Rjad vautograns were prepared and then fhe r'adipactixll;e'v spots

were located, cut out and counted automatically (13).

Results and Biscussion | ]
! |

[

Iy

Figure 2 $hows the total 01“02 agsimilated in llght and é vk during

pericd, Differences between light and Qark exposures are

&
4
\

the greening

&

\ . . . . . s . s
apparent after one hour illumination and very significant increases in

'
i

assimilation occur after 2 hours. At this time a net increase in chloro-

phyll was first observed. Plants after 24 hours' greening are capable

<D

. of photosynthesizing at 78% the rate of contrel seediings grown from

germination in continucus‘light.

These daté are consistcnt‘ﬁith those on O, evolution in barley
leaves (17); photo-induced fluorescent yield changes in bean leaves (€)
CO, uptake and O, evolution in Euglsena (18) and cat seedlings (4), and
photo-induced'absorption changes in mung beans (5).

Table I shows the distribution of assimilated carbon in the indi-
vidual'éomponents‘of the soluble fraction as agalyzed‘by paper chroma-
tography and radioautozraphy (2). In the ctiolated plant, the products
of CO, assimilationvare melicy citric/iso-citric, aspartic and plutamic

acids. This distribution of ¢14 suggests thet either phosphoenolpyruvate
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carboxylase or ccrboxy&\nasa cou or

malic enzyme (20) are the operative carboxylation enZyne cystemr in tﬁa



L6
etiolate. All three enzymes é“o widely distributed in plant tissues (20)
including barley (9). ‘ |
This pattern of carborylation compares‘closely‘with the fixation

of €Oy by roots and ccoleoptiles of Avena (15), eticlaeted wheat leaves (194

and a Chlamydomenas mutant lacking chlorophyll (1). However, in this

. - investigzation there appears to be a larpe cuantlgy of assimilated Ci%

>

in citrate/iso-citrate., Gimilar quantities were observed in Avena (15),
. but not in wheat (19).

Throughout the greeniung pericd it is apperent that of the CO2

e

assimilated in the dark, the distribution of C1% in the soluble fraction
remains essentially the same as that of the etiolate, However, the pattern

ht chgrrcs guite wmarkedly. Phosphoglyceric -

of assimilation in the lig
W % .

“ acid and hexose monc- and di-phosphates appear lduCLe aftar one Lour

s

© illumination and became more ureyonac‘ant witl time. The inerease in
labelln& of sucrose occurs with a decrease in hexose phosphates. Concur=-

rent with the appearance of these intermediates is the decrease of Clb

Gt

4
entering the organic and amino acids. This suggests that the respiratory

e

-

carboxylations9 which are characteristic of the etiolated and dark rcqciionu,

are replaced by the Calvin cycie during development of the plastid.
v <. These results are in agreement with those of lall et al. (9) who

investigated certain enzyme activitics in greening barley leaves. They

pok

'

showed that the activity of phosphoenolpyruvate carboxylase and carboxy-
kinase decreased during the greening pericd, whereas the activities of

Y

carboxydismutase, phosphoribulokinase and phosphoriboisomerase increased,



during an {llumination period indicates a conversion of the organisms

15 concluded thét*photosynthetig phosphorylation and reducing mechaniszms

L
.: . .' I .
The raesults here show that photosynthetic phosphorylation and
reducing méchanisas are operative at & very early stage in the{gregting'

procoss. These data are in accord with those of Butler, who shbwed that

electron transport commences as goon as the reaction centers fo%_quantﬁm :
conversion are assembled (6). A direct result of this onset of quantum

‘conversion is a reorganization of the plastid leading to higher photo= B

synthetic rates and an autotrophic metabolism. ; .
. A . o l a
Summary , N !

The assimllation,df 602 by etiolated Hordeum vulgare seedlihga
B . . : \ He

to autotrophy. :
- After one-hour illumination, increases in the photo—assimiiation'
of CO2 are oﬁsabved and the distribution of Clglin the soluble fraction

of tha'plants is'predominantly'in,intermediate; of the‘Calvin'oyele. It
‘ ‘ o .

are operative at very early stages of plastid development and tpét subges

quent increases ih photosynthetic rates are concurrent with maturation ‘
of the plastid.
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Legendé

Tigure 1. Apparatus for in vive Ql“02 assimilation by Hordeum vulgare j

seedlings.

Figure 2. Total assimilation of'Cl“Oz by Hordeum'Vulgare seedlingé'.

during the illumination period. ‘Results Jsexpressed on a.
dry weight basis. Reactions were for 4 mirutes.in the light

_or dark.

Table I. Distribution of Ci% inlsdluble'fractiqn of Hordeum vulgare

seedlings after exposure to 61“02. |

Running title: Biggins aﬁd Park -~ COp fixation by gfeening seedlings.
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© Table I. o '»,_ - ff;: -
: - . ol _foxind (%) ]
~ Time in Reactdicn Ase-citrate/s A o RN . o
~ light(hr) = system Malate  citrate Aspartate Clutamate Alanine PCA® IMPS% . HDP#5%  Sycrose
T Light 33 37 TE8 8 00 0 0 0
' QZET‘ * park 1 43 23 F’y "8 0 0. o o “6~
. _Light ’ iz 18 11 2 1oy 34 . 16 Sy
.l L park w3 23 20 s 0 R o
I CLight 8 15 ) 11 1 ‘1 _:7' .éa' | 15_ 8
: ° Dark 37 28 2 3 79', 0 o o 0
.vaight o 6 5 ~==:1§‘ 1 2 10 24 13 : ia
? Dark . 3332 26 8 o o .o 5 0
uPGA . é-phosphc;gljfcevic .»ac-id
SEEHP = hexose vmbrifo;)hosphateé |
*"‘V*HDP"- hexose diphosphates ‘ )
.



4

"o TotaL cpv C'%0, ASSIMILATED
e S 3
e \ ~— l : P . l
)
2 TN
5% N .\\\\o'
: N
=L N |
o : , _ .
O : :
3 \ |
. ) S
Eoo - N °\
€ p S
» E ol § \o

GAS OUTLET
. , ,;/f = IR FILTER AND
c ¥\ - " COOLING JACKET -
T (\ «~20ml TUBE
SIDE ARM CONTAINING FOR AERIAL

YSTEM
HzPO,, FITTED WITH SS EM

A SERUM CAP

s W PO s,

TAPER JOINT AND —, }f
SPRING ATTACHMENT #

vasaad

= ROOT SYSTEM IN NUTRIENT .
SOLUTION SUPPORTED B8Y .
GLASS BEADS S

MU.25943 .




i
|






