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To be published in: Plant and Cell Physiology (Japan) 8/25/62 

S'lH.!HEB!S Of' COMl?OtmDS fROM 14cn ...... , .eY Ci.iLORCL!..A. I.N THE . DARK 
_.,... f1P" ..._ ....... /0 y.c/·.2 

/ ---

!n 1947, Senson and Calviu (_!) found that th<l dark fixati·On of 14co2 

by Ch1or-e11a could be g.reatly stimulated by preillurllin~tion 9 and shortly 
. t i"... " ....... 

min in the -· 

they turned off the light and t:cok mt:oJ;''"' :s.:w::plea in the dark .. They found 

that the radioactivity in PGA incr·O!ase& J:•apidly •~nile thet in ribulose 

t; sl~i.ia.r e~ipariment by \:lilzcn and Ca~vin (&) -
1 th~ radioactivity in FG.i. declined rapidly 1~hil~ that in ribulose 

\ 
' 
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tw-o lnoleculas of '?G,r-.. par co2 molecule taken up, at lee.st in the d<1.rk immediately 

foll6-i>iinz photosynthe.eia~ By 15 sec; though 11 thll ra:tc of incNast: of PGA ·- ' 

but not th¢ ki1':1eticr:~ of the na>-JlY irtcorporntcd earbon, it would he an advantage 

to do pa!'~llel el<."-pe.ril'lWints in which the 14co2 :!.s i1dd'~d only upon turning o.ff 

tb(';~ light; particularly if so:ne quantitative comperison could be ~ade 

bet'w~cm ·the l"ate'· of' carbon "upt~1k~ in the light .and the rate of appenrnnce 

of label~d oa.r•bon in the dark immedir.>tcly followin.& illumination. 

during photosyrrt:ha~Si$ (B.~ g> · mado a.uch a study mcr/3 .feasible •, ~-ie shall 

report 11ere the l"o:sult:-; of a :Study of th~ .t\ppearanac of life inspecific 

. . i. -
compounds b-,rut;;diatoly follO~<<inti illumination and shall descl"i.be also a 

light-dark transient' ~tudy in Hhich the aleae w-at"'e p.er>mitted to take up 

lt4c until the intermediates of the carbon oyclc were r;;aturateJ, before 

Taroiy.-'~& Miyachi and Hirokw.:a (~) mca.:;ursd the ctlps.ci ty f the plant to 
\ 

fi~ carbon lt.t. tH.oxida in the dark following prcilluruination, '.l'hlch they 
I 

call R. They t'ound that cyanide inhibits the reaction betw~sn R and co2 

and also accelerates the non-photochemical decay of R. Since it has been 

found that cyanide reacts irrovElrsihly with ribulo~a diphos~hate in the 
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to think th<at the .r•ajor part of the co2 fixin,g capacity of:· preilluminatod 

alga(a (R) is. re~rescmt0:4 l>Y ribulose· dipho~phate • to;(tthel:' ~tr:lth those 

contri'butinn to R. Another po)!'tion of R would be the carbon fixation by 

phosphoenolpyruvate and TPNH to form ina lie acid oMfyae:.~i et al• (15) not . . _ ............. -

of 'th~sa recuced eofactors ~ctu?llly inclt'ease in tho absence of co2 ~.zhen the 

.light is turn~d off. Hiyachi (!§) studied. thl'! effect of sulfhydryl t'('laeerrts 

lowered. the levol of a. it did no1r affect the absoltrte r-at(! constant for 

that R couJ.d not be identical ~'lith ribulos<:l! diphosphate. Isolated carboxy ... 

ca:ri;;oxylati,>n in vivo, and th<:;'N';. at's '>!!c.my other lin~s of evid<ance \which lead --- .........__. 

!n the StUdies of R, th<! Chlorell.i! have u;:;-ually been p-reillurr~inated in 
---~--....;... 



which \te reJ;:o:M: here will be of use in the g:enaral p:ro:bl12m of :ir.tarr,rr~ting 
\ 

MATERIAL AHD l.-:1E:TiiOOS 

described ~reviously C!V• After being Cl$ntri.fuged and \:ushed once with the 

illuroinat$.o:1 cell of a ~r!:G:jldy s·tate apparatus sir.1ilar to thZ!t described 

in the nutrient given in ia~le I have et pH of tt-.75. 'l'h~ pH control is set 

.et 6 and 0.1 N run:noniuill hydr-o:dde fl.m·tS in autoraat.ice.lly un.ti l the pH 
·~' . 

........ ·. 

were ini tielly suspended ('fable I). Also,/ alt,.o.f3 s·usr~ension is automatically 

as to ttiWJ immediately the· fin;;:.l rA;,;acific. activity o.f rndiccl].rbon in both 
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solution nnd g~1s ?hase ( 12)o !n •:?xps::-tmF.mt l th~ incident and tran:~';Aitted -

1 11 620 lu~~ In both experitnents lir;ht intensities from the bluet: and white 

'· fluorescent tubes wQ:c>O 7 ~830 lux incid-e.nt and 86 lux transmitted. In the 

. synthesis to 0.,5t. The light t-;r.m tur-ned off and the ap;;aratus~ already in· 

•• 1··..., · : ''4,.... ') .= ..,. """" t · l 0 1 . f all+,.."'- . .,..,l·ti 0 r.6 '' 1 ~ .. o u: .. ;r.: vras .... v cc enu il.:. ..... e same .1~ • m o · ~• ~.-lJ.., Sv 1 ... ant~ · • .., rn.-.o e"" 
-~ ......._ i.S' ...-..----

exp~}ril1l$:nt) samples wer¢ taken ~very 5 ~~ as rsho·A:o in Fi,~. f· 
All s~mples t<iero · ana1yz¢d by bro dim1.msional ps.p~t- chre>r~ato0rnphy c.nd 
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a double G-11 tuh.:ll which counts on both si<!es of the paper> simultaneously. 

small. g~s volume· of the stt1ady st<ll.t:e ~pp.aratus (!.3) attd m~asurinf{ the slopes 

of c·o2 and oxyg,;~n chru1a:r,e (£, !~) ~ After addit.ion of l'•c, the lnvels of 

14c and co2 tv~ar0 rtl<:•nitort:d givinrr, continuous valul;l3 for- the ~pccific 

; 

means the il'.lmb~t" of micro:no1as of carbon total corr.c::;;j.)onal.np_; to the m!la::mrcd 

'4 . . 1'~ , 2 
arr.ount of - C wnel1 the specific acti.. vity is that of th~ · 'co2-· .. co2 

administqred. to the alga~o In other t>w:r•ds, it is the !\l<~twured ar.1ount of 14c 

convenient :for· co:np.cl.ring the flc~>; 

of car~on .. 

~·; 
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diphosphGtes a~o afBnificant 

I r 0 when tho 

holi'.:Jver, the umount3 of thi;;:se othrcr> 
....(v\o..J

is. int<n'e:~tin;s to soEt~~th,~ir cortc·(:ntl:'nt:ion al$o fall.:;; 

is 

The !'Ni.U..Lts of the !-H.">:;!!i11u.:•lix:cation c;~parlm~mt' exper1me4't 2' ilr'e 

\ 
shOI-ri'tt in n.;s:;o 4 ';!. 5 and 5. Cc~:~;-x:um::S ond ;l.r~Zat::; not sbo:1n t and the a!!"H)UUt of 

100 are as 

of:fo 
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of fixat5.on .falls verJ rapidly ">'~hc:1 the lia;ht is tut·ned off in the r>res~nce 

DISCUSSI"JN 

The result~B of the ligl.i.t-dark trancient study (rig. 1) show thz:.t vrhen the 

accounted for by carboxylation of -c·'1e 1:-ibulo::;e diphosphate present at tha moment 

the light ~'>'<~s turmC~d off ( .15 micro·.r:oles). C.:.rbo~qlc:tion of .15 micromolcs 

PGA 1-1cre forrr.ed by eac"l carboxylati·:m., Th~ aoditi.onal PGA :night be r.:ade in one 

of t~>:o \.;rays: 1) Ho~ ribulose monophosphate might be phostphoryln.ted \~ith 

-'!hf:! total drop in diphosphates (ribulose 0 sedohoptulose, and fructose) is 

sufficient to account for all the l"iSa in PC£\ if there WeT.'(;! so:ne mechanism 

diphosphate to ribulOSf$-5-phosph~.tte. Such a mcchtmism is not lmo~m 11 howev~r. 

2) 'i/rv~n the light is turned off oxidation of sugar phor.;ph<ltes via triose phosphate 

dHhyd:!."'ogemase could taka place~ giving rise to PGAo The drop in dihyC.roxy-

acetone phoEJphate (fig;. 3) l"rtay indicate oxidation of triose phosphate; conversion 

of triose to pentosa monophosphate (r-thich might then be phosphor)'lated und 

car!JO~,tylated),. or conv~rsion to oth:~r sugars. All tha!ilc' possibilities s:.1ould 
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From Fig 6 vre can see that the peak of radioactivity in PGA in the 

preillumination is caused in part by the rising specific activity of carbon 

entering the PGA pool, as well as the accumulation of radiocarbon in this pool 

with time. The down~>rard trend of the PGA concentration in experiment 1 and PGA 

labeling in experiment 2 are both ce,used by the conversion of PGA to alanine as 

••ell as to rrialic, citric, aspartic acids~ and other productn. In addition it appears 

that some of the radioactivity :i.n the PGA :must be lest as evolved carbon dioxide 

since the total activity declines for a time before it reaches a slow but 

steady rate of increase due to carboxylation of phosophoenolpyruvic acid, 

giving, eventually, aspartic 9 malict glutamic and citric acids. 

One of the most interesting re:mlts from the preillu:r:1ination experiment 

is the fairly rapid incorporation 01~ 14c into sugar monophosphates {mostly 

hexose and ·sedoheptulose monophosphate) even at 10 ~ exposure to 14co2• 

At 10 sec the PG.A. carboxyl carbon& ·,;hose pool size has been estimated at 

about 1 rnicromole (in an experiment at comparable light intensity 9 12) 

has itself only become about 20% labeled. This result strongly suggests the 

possibility that ::me of the produc!ts of cax'boxylation is a form of bound phcs-

phoglyceric acid, which is reduced to the level of sugar phosphate -vri thout ever 

coming free and equilibrating with the phosphoglyceric acid pool. There have 

been previous indications of this possibility, including the finding (18) 

that during a kinetic study of the products of carbnn 14 fix?-tion in Scenedesmus 

the percentage radiocarbon appearing in PGA extrapolated to only about 75% 
14 at the time of addition of the c. It has been suggested (17) that most 

or all of the steps of the carbon reduction cycle (19) of photosynthesis may 

take' ~lace on a m.ul t~functional en:~yme system lfhich has the capacity for 

transferring-carbon compound moieties from one functional site to another. 



... 

. . · 

-17-

additicm compou.nd is "the~ said to he car·box,yltitcd 0 phc:.i:phor-ylated, r:erhaps by 

"'hicb it ls also t:::'ansferred to .a dis1;11fh::;dz. .. y 1 function of the enzyme 11 .r.i ving 

ano·t:16r 3-phospho?,.lycery 1 moiety.. Hydrolysis of th&.se 3-phosphogly eery 1 enzym'l 

co;npJ.exc:> giv~s PGA <.:lnd disulfhydi:'Jl cnzymeo Othcr,...ise, t:hcy ·can roact to give 

disulfide: enzyt.1o .::nil fre~ dihydro:•:y.:l.cctone phosphate, which can/ then r-eact 

• .. • .. .... ~ ... . • 1 .. ~- • , .... • f t Ll 6 - · ... h t •·n·cn ano~o:l~l" fJL•c>spno;,:.J.yc:.::<ry_ SV..J.:t:7tyn;:y ... '~nzy:~1e .. o c;1.ve rue ·os~l e ~-alp ..• os;:- .a e 

and '"' disulfide gt'Otlpins; on the cnz;m.:::., Othcn:- .. u,:ll known rcac-npnn catulyze 
\ 

the transfer of glycoa.ld~hyde tidctie;:; =-ro~ ft·~.lctcsc-6-phosphmt¢ forming at 

The fo:c.n1:tion of !na.lic~ citt>ic:> glutamic, and aspartic acids in the 

clar·k indicatr:::::: that the car·t.oxy latiol':l of phosphoonol pyruvic acid i!Z not 

dcp~:ndant on cofactors f:r-om t:;e li:;.'J>t but is pPob?.:lbly o:lly light-stimulated 

the li~:::ht tha:: in the dark., Fo:r·ma.tion C>.f mnlic acid~ which requires T?NH, 
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