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Seedline;s, germinated and grown in darkness~ develop at t'he expense 
I 

of cner·gy liberated by the .breakdown of seed reset'ves. Exposure of such 
I 

etiolated plunts to light l'csults in the conversion of the ex.isting 
I 

protochlorophyll to chlorophyll !:_ folloHcd by net synthesis of chlorophyll 

in the propl<:tstid. After the initial pigment conv~rsion~ the p~oplastid 

undergoes a marked Gtructural reor5anization concurrent t...ith the .formation 

of the photosynthetic apparatus and develop:ncr.t of .;>n autotrophic metabolism. 
I , 

Several bioch~mical and ultrastructui"al parameters have re4eived 

e.ttention dur~ne cuch.an or:set of autotrophy in etiolated plants and 
\ I 

algae. The proplastid in the etiolated ore.:mism is bOunded by a double 

membrane and contains sr.rall vesicles (3,11,14,21). These appear to agere-

E~te to form prola.mellar bodies (l.l). At this staz,;e tbt! proplastids con-

tdin protochlorophyll (16), cytochromcs f and b6 (0~10) and cat'otenoids (17). 

Exposure of the etiolated plants to 15.r;ht re:;;ults in a'rapid formation of 

1amellaell differentiation into ~";rana and stroma. lamellae, and development 

of' the proplastid into a mature chlo:coplast. 

Oxygen evolution does not occur until the plants have received 

30-minute irradiation (l7) and net chlorophyll f:~ynthesis has cozamenc<>d 

(1~~18). ln Eur,l-er.a the uptake of carbon dioxide a,?pe<:irs to occur· con-

currently with th~ synthesis of chlorophyll end evolution of oxygen 

and tti·th the formation of lamellae t-:ith.in the propla3tid (18). 

Light-induced fluorescent yield chang~s rieNI first detected in 

etiolated be<1n leaves af'tcr 2-hour· illumination (6). At the same time, 

chlorophyll a differentiated into a-670 and <'l.-6/30~ and c70 r: end chloro-- . - - ~ 

phyll E_ Here observo:::d.. lt Has concluded that the t·.,;o photcsystems of 

the higher plant photosynthetic apparatus develop at 'the same time and 
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that electron tran:;port commences as soon as the rc£{ction ce>1ters are 

organized. 

Consistent. with these data are the observations that photo-induced 

aboorption change:::. a.tt!'ibutable to cytochrome f (5j, and the pr.oto-

hlduccd electron parmna.gnetic re:::onancc signal in a greening Chlai<lydomonac 

mut~nt (1) do not appear until net chlorophyll synthesl.s starts. This 

takes place after a lag phas<?> subsequent to the initial illumination. 

Tolbel:'t and Gailey (19) observed th;:it significant co2 fixation in 

etiolated wheat does not occur until some two hours after continuous 6 · 

rapid chlorop~yll synttesis comrr.Emces. The initial fixation was into 

malic, il8partic and glutamic acids. Alco~ a further two-hour illumi-

t~<'ition o;.;as found to be necessary before hexose pho~phatcs and sucrose 

appeared lahell!ld. It ~.<tas concluded that the availability of ribulose 

diphosphate is a liraiting factor dul."ing the greening process. In the 

present investicatlon we find significant increaseo in co2 fixation after 

only one to two hour ll~uminatior:. Tho operation of the Calvin cycle 

appears to be concurrent vii th the photo-induced incl~eascs in C02 uptake 

and with chloi:'ophyll synthesis. \~e attribute these variations to dif-

fcrences in plant material and experimental design. 

t-1aterials and 11ethods 

Preparation of etiolated barley seedlings: Seeds of Hordeum vulgare 

(1956 crop:. var. Te_nnessec A'intar) ~1ere imbibed in aerated v:ater for 24 

hours and grown hydroponically in com?lete darkncns for six days using 

l/200 streneth Hoogland's solution. For the erecnine experiments the 

secdlin,Gs ~~ere illu;;'linatcd by a bank of unfiltered fluorescent tubes 

giving an incident light intensity of 500 foot·candles. Samples of 

seedlings were taken .st: intervuls of time during this illuminatio.n period 
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and their capacity for co2 assimilation t.;,':ts measured in the light and 

dark. 

an apparatus shotm in Fi.gu~e 1 \.;-hich contained three whole seedlings. 

Tho apparntus and s~edlings were equilibrated for 10 minutes in the dark 

or 5000 foot candle \·thite light (I:Jhotoflood and inf-rared filter) cu"ld 

r;assed \4ith 1% co 2 in air. /~t the start of the reaction,. the apparatus 

t<J.as closed end 200 tJl 0.06 M NaHcl4o3 (1.98 mC/ml) was injected through 

"the serum cap into the phosphor·ic acid in the side arm liberating 12 

)J:wlea c14o2 . (396 t!c in 20 ml volu;r.e). The saedlings "~<iere exposed to 

cl4o2 for 4 minutes and the reaction •ras stopped by rapidly disassembling 

the apparatus in a safety hood~ cutting off th<a l~aves and plunging them 

into liquid nitrogen. Tho leaves \ozere th•:m homogenized in warm OO~s 

methanol using a mechanically driven gla.ss pestle and homogenizer. The 

resulting macerate w~s transferred quantitatively tv a test tube and 

boiled for one m~nute. 
, I 

:Extruction of plant residues: The residues ••era extracted .sue-

ccssively i:·fith 50% and 20Q;, tnethanol followed by v1arm ~:Jater. Tl1e rcsid:le 

dry Heights t.;er0 then measured. The combined su,::.ernatants \otel."-1 .reduced 

in volume by disti~lation in vacuo. follov.iing; procedures developed in this 

labot'atory (2 ). The radio-carbon cont~mts of 100 tll aliquot samples t·iere 
'; 

determined by means of a Pa.cke:t'd Tri-carp automatic liquid ~.>cintillation 

spectrometer u~ing 10 ml scintillation solution*.and one drop of commer-
1 ·~ • ' • 

cial bleach .(uaOCl) to dccoloriz0 tho pigment c. 
I 

After the initihil 

counting~ a:n ,interr,al standa:r'd (250 \.ll cl4-tolucne, 123 dpm/~1) · uas added 

to each vial hnd the vial 1.:<:~s recounted. 

~. :·· .. ..: .. - \ ·:::: 1 .. f . .'.'- .. \ .: . ':' . 

•':(2000 rul toluE::ne, 2000 ml n-cioxane, 1200 ml ethanol~> 200 g na;>hthalene, 

26 g 2 0 5-diphcmylo~-:azclo and 0.5 2 1,4-bis-2-(5-phenyloxazol b~m.:enc) 



• 

" 

-s-

The dictr.ibution of radiocarbon ·-in ttpe products of co
2 

as?imilation 

\\US determined in early; samples by ch!'or.::atographic analysis. Aliouot 
' . 

. I 

eamples of the extracts ware placed on i'"hat1:1an No. L~ paper and 1chl"'omato­
! 

graphed in tt-1o dimensions u~ing a nev! solvent containing am:nonia. iso-

butyr-ic acid 11 Hater u.nd several· aliphatic alcohols in the long -1 

dii'TH::n~ion (7) and n-butanol-propionic acid-water (2) in the othei' 

dir.~ension. Radioautoerams 1verc prepared and then the radioactive spots 

\-lere located • cut out and counted autor;:2.tica.lly (13). 

Results and Di.:scussion 

figure 2 ,shol-rs the totd cl4o2 assir:lilatcd in light and dark during 

the greening period. Diffc::rences bct~;een li&ht and &ark exposures are 
.\ 
I 

apparent after cne hour illumination end. v12:ry significant increases in 

· assit:iilation occur after 2 hours. At this time a net increase in chloro-

phyll was first observed. Plants after 211 hours t gre:.:.:ning are capable 

. of photosynthesizing at 78% the rate oi= control seedlings gro1tm fr·om 

ger:nination in continuous: light. 

These data aro consistent witb those on o2 evolution in bax•ley 

leaves (17), photo-induced fluorescent yield chmtges in bean leaves (6) 

co2 tlptake and o2 evolution in Eur:lcna (18) and oat seedlines ( 4) 1 and 

rJhoto-induced absorption cL<:'wges in mung beans ( 5) • 

Table I shows the distribution of asGimilatod ci.?.I'oon in the indi-

vidual cor.1por.ents of the solul>le fraction as analyz.:~d by paper chroma-

toz;raphy and radioautography (2). In the etiolated plant, the products 

of co2 ase>irr.i.la.tion are malic, citric/iso-citX'ic, ~spartic .:md glut.atic 

acid::;. This distribution of clli sugr;ests that either ;>hoophoenolpyruvate 

cilrLoxylaso or carboxykinasa cou?led to :;t~lic dchyd!"ogen.·ise (12) t or 

ntalic enzyme (20) arc the operative c;;1rboxyl£1tior. enzyme cyst~rns in the 
... 

::'·· 
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etiolnte. All three enzynes ar~ widely distributed in plant tissues (20) 

including barley (9). 

This pattern of carboxylation conpare~ closely· \dt:h the· fixation 

of C02 by roots and colcoptiloc of Avena (15)~ etiolated wheat leaves (19~ 

and a Chlamydomonas sr:utant lacking chlorophyll (1). Eowever, in this 

· lnvestization there appctn:"s to be a laree quantity of assimilated cl4 

Similar quantities were obsorved in Avena (15), 

but not in ~heat (19) • 

Throughout· the f-;recning period it is apparent that of the C02 

assimllated in ·the dark~ the distr·ibuticn of cl4 in the t>oluble fraction 

remains osscntiully the same as that of the etiolate. HoNever~ the pattern 

of asr;imile.tion in the liBht changes quite markedly. ?hospboglyceric 

·,. acid and hexose i:JOnc- and di-phosph;;;.t.:;s appear labeled after one hour 

illumination and became more preponderant with time. The increase in 

labeling of sucrose occurs v:ith a decrease in be:<ose phosphates. Concur-

rent with the appearance of these intermediates is the decrease of cl4 

entering the organic and amino acids. This zuggestc that the rcsph~atol"'Y 

carboxylations~ ~-.:·hich are characteristic o:f the etiolu.ted and dark N~actions 0 

az:e replaced by the Calvin cycle during developn~ent of the plastid • 

.-., .. '-:· ,. These results ·are in arreement ;,tith those of Hall et al. (9) who 
.·. . ' > ---

invc:wtigated certain enzyme activiti(;s in greening ba!'ley leaves. They 

ahoHo.d that the activity of phospr.oenolpyruvate ca:t"boxylase and carbo~y-

Jdnase dccre<J.sed during the greening pc:t:icd, whereas the activities of 

c.J.rboxydismutasc • phosphc<t'ibulok inase and pho~phoriboiso:ncrase incr·ea~ed. 
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I 
The results hore show that photosynthetic phosphorylation'and 

. . . ~. 

reducing mechanicms are operative at a very early stage in the lgre~ting 
' . .:,. 

process. These data are in accord with those of Butler. who sh~wod that 
I 

I . • . 
electron transport commenceG as coon as tho reaction centers for quantutll ., . 

.. . 
. . . 

conversion are assembled (6 ). A direct result of t,his onset ~f quantum 
' 

conversion. is a rcoreanization of tho plastid leading to higher photo ... 

' synthetic rates and an,autotrophic metabolism • 

?ummary 
I 
I 

Tho assi~llation of C02 by etiolated Hordeum vulgare seedli~gs 
.\ 

during an illUmination period indicatQs a conversion of tho organisms 
\ 

to autotrophy. ; 

After one pour illumination. increases in tho photo-assimilation 

• l 

of co2 are observed and tha distribution of cl4 in the soluble fraction 

of the plants is predominantly in interQediates of the Calvin cycle. It 

is. conoluded t~~t photosynthatiQ phosphorylation and reducing mechaniems \, 

are operativu at very early st~ges of plasti.:! dev4lopment ·and t,hat subse­

quent increases in photosynthetic rates are concurrent with maturation 

of the plastid. 
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:figure l. Apparatus for ~ ~ ql4o2 assimilation by Hordeum vulgare 

seedlings. 

figure 2. Total assimilation of c14o2 by Hordeum vulgare $eedlings 

during the illumination pel~iod. Result~$ ·;~expressed on a 

dry weight basi$. Reactions were for ~ minutGs in the light 

o:~:> dark. 

Table I. Distriliution of cl4 in soluble 'fraction of Hordeum vulgare, 

seedlings aft'er ·exposure to cl1}o2 • 

Running title: Biggins and Park -- C02 fixation by greening seedlings • 
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------- ----· ----- -- --- -·- ....... _- ~~---------·----------- ---~~-- ~---- _., __ ... - -· -----~----- ··-·---- -'~-----· 

Table I. 

· cl~ found (% > 
Time in Reacti.cn .i:so-citrate/-" 
light{hr) syste!<1 Malate citrate Aspa:rtate Glutamate Alanine PCA1': Ii}jp~b'c. hDPMH'r Sucrose 

.Light 33 . 32 26 8 0 0 0 0 0 

:~PGA :: 3-phosphoglycel"lc _acid 

1':*HMP ·= hexose t.~oriophosphates 

***BDP = hexose d.iphosphates 

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

• ')- ' . 
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