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PHOTOPEXIQDXSM AND PHOTCGPN!EIETIC GO2 ASS IMIUTION* 

Lo Morris and If. Calvin 

h d f  a t f  on Laboratory and Demrhent  of Chemistry 

("1 The work described 
Fhergy C d s s f  on. 

in %his p p e r  was sponsored by the U. S o  A t b e  

An fnves-tigaRiorz m a  undertaken t o  determine whether growth of a 

p h n t  under d i f ferent  day lengths may bring about changes i n  such p5mary 

reactions a s  those intimately associated with the ear ly steps of photosyn- 

thesis  and $hm may fnitiate the metaboUe changes which lead t o  the differ- 

ences fa nitrogea and carbohydrate a c c ~ ~ ~ u ? a t % o n  which are hown t o  occur, 

Leaves from short- aiad Pmg-day plants of: Kalbanch& blossfeldiana were ex- 

posed t o  radioactive GO2 under l i g h t  f o r  5 minutss. The canpounds which 

became radioactive in tinat t i ne  were d e t e m h e d  by two-dimensional paper 

e%zE.amatogkaphy and exposure of film by &rmatogapams. Such experiments were 

- p s f o m d  a t  the onset of flowering and during f r u i t  developerat. The t o t a l  

ac t iv i ty  fixed p r  unit wet weight is greater f o r  the shod-day than f o r  the 

long-day leaves in the e a r l i e r  experiment b u t l e a s  i n  %he Eater one. Short- 

day leaves fixed about one-haE or l e s s  the a c t i v i t y  in phosphoglyceric 

acid, serine and a9anfne and twice as mu& or more g lycbe  and naamose a s  

did the long-day ones in %he earlier experiment, IPB the Betes one, short- 
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day leaves fixed one-half or less  as much ac t iv i ty  i n  aspart ic  acid, serine 

and alanine and twice a s  mu& phosphoglyceric acid and fructose a s  did 

long-day leaves. These differences i n  the amounts of radioactive cam- 

pounds formed indicate tha t  the reactions of ear ly photosynthesis are  in- 

deed influenced by prior  photoperiodic treatment of the plant.  
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("1 The work described ir, t h i s  paper was sponsored by the U. S . A t d c  
& e r a  CommSssion . 

Mumerow experberats during the l a s t  30 years since the photo- 

perf odf e has been recognized have shown tha t  the nitrogen and 

ear'ochydsate acemula t i  on by plants which respond t o  pho%operiodic treat- 

ment d i f f e r  with the day length under which they were grown .1,293,4 The 

question a r i s e s  whe"ihe these differences may be in i t i a t ed  by changes i n  

such 11~"imBry reactions as those intimate@ associated w i t h  the f irst  steps 

of photosyrathesfs. An investigation of t h i s  problem was wing 

(l) Hmrieek, A .  E., Nutrition and &%abolism a s  Related t o  Photoperiodism. 
VermlPaati m and Photoperf oktf s m  Symposf.~, Fbalaam, M3ss . , Chroni ca 
Boknfca Go., 1948. 

H, A , ,  Bot, Gaze m, 651 (1939). 

Prae. Natl ,  Inst. Sef ., India, &, 



t racer  technique t o  determine the possible eff e e t  of different daylength 

treatments on the photosynthetic CO f ixat ion of Kalanch& blossfeldiana. 5 
2 

Ekperimental Methods 

Cuttings d blossf eldiana made fsom a plant which had 

long-day characterf s t i  cs ( i  ,e , , large th in  haves, and no flowers) were 

grown in ternpratu9.e-control~ed (75-80' P ., ) ventilated, light-tight 

chambers . Fluoroecernt l igh t s  giving about 1000 f 00% candles a t  plant 

height were controlled by time clocks s e t  t o  give 9 and 15 hours l i g h t  i n  

the shorb and long-day &ambers ., After 16 weeks the plants in  the short- 

day &amber had well-developed inflorescences and small thick leaves while 

plants in. the long-day &amber had large th in  leaves and no f ~ l o r e s c e n c e s .  

Ira order t o  permit e m p r i s o n  of om leaves with those of other imvesti- 

gatom, the  dry weight percentages and succulence values of these character- 

i s t i c  leaf  t p s  were determined by oven-drying leaves camparable t o  those 

used i n  the f ixa t ion  experiments. Dry weight percentages of our leaves 

compared rsther closely with those of ~ s r d e r : ~  shorkday leaves 3.2% and 

long-day leaves 5 .A$ as campshred with Haarderos m h s  of 2.5$ and 5 .@. 

Succulence values for shor-k-day leaves were 2.85 (Harder, 2.65 and Bode, 

2.003 and f o r  long-day leaves 0,7 5 (Brder ,  0 ,6l and B d e ,  0.68). 5 y 6  

When the p h o t s  were 16 weeks old a carbon-diaxide fixation experi- 

ment (&perhen+ .A) was prformed using. leaves f r an  the th i rd  node below 

5 )  Harder, Bf &asd and von 'Wits&, Eans . Uber den Einfluss der 
Tageslkhge, a d  den E-Iabftus, beeonders d ie  Blatts-eng, und den 
M s s e m u s h l t  m a  &bncR& J%. Bot. &, 354 (1940)9 
i n  Soc . &pa Bf ol , Symposia 19, Growth i n  Relation t o  Differentiation 
and Mor@hogenasis, Cambridge, Univess f t y  Press, 1948 . 

(6) B d e ,  Otto,  Uber die  Zusanweshange zwischen CO -assMSation und 
r id i smus  bei &1anch& blossf eldiana, han%a, 2, 278-289 



the inflorescence of the shorbday plants and from the corresponding node 

of the long-day plants . Bfter 22 weeks, when the flowers of the short-day 

plants were dried up and fruits had formed and the long-day plants still. 

remained vegetatf ve , another f t ion  experhem% ( k p e r h e n t  B 1 was per- 

formed. haves  from the fourth node above *the s o i l  surface fsm plants 

of b o a  Song- and shorbday conditions were wed.  

These COZ-fixation experiments were carried out i n  the following 

manner: The petioles of selected leaves of both short- and long-day plants 

were put in small tubes of water within a th in  gas-tight &amber with 

p a r a l l d  glass sides. This chamber was illmnimted by two l a m p s  and kept 

a t  room -temperatwe by mans of water-cooled heat f i l t e r s  between the 

chamber and the lampso The chamber yewived 13,000 foot  csndles during 

Ekpeaphent A and 5,000 foot candles during Ekpmiment B .  The leaves were 

i l l m b a $ e d  115 minutes with a i r  being drawn %hrough %he chamber; following 

%his period the chamber was pas t ia l ly  evacuated and sadimctive CQ2 entered 

the chamber. After 5 minutes the shor%- and long-day leaves were removed 

t o  separate mortars containing l iquid nitrogen and ground. A boiling 8@ 

ethanol ex-E;ract was made of the frozen ground leaves. Aliquots of t h i s  

extract  were dried oa a 1 M n m  plates and the radimetfv i ty  counted with 

a wide-mouth Geiger-HXUer tube t o  determine the 'total amount of radioactive 

G O p  f ixed .  The amount of C O  fixed i n  the 8@&-ethanol-soluble compounds 
2 

was s M h r l y  determined b~ plating and counting an aliquot of the super- 

natant solution 

The: dis t l~ ibut~ion  of the radf metivPty in various compounds of the 

$G%-soPrmbPe portion was determined by 2-dinensf om1 efiromatography d %he 



7 
concentrated ex t rac t .  Phenol-water was used as  the f i r s t  solvent and a 

butanol-propi onic a cid-water mixture a s  the second solvent ., N o - s  creen 

X-ray f i lm was exposed t o  the chromatograms t o  determine the location of 

radioactive compounds. The ident i ty  of the compounds causing the exposed 

spots was established by t h e i r  r e l a t ive  positions and, i n  cases of doubt, 

by co-chramatography of the eluted spots w i t h  known compounds. The ac t iv i ty  

of each compound was counted and tabulated i n  terns  of counts per minute 

per gram of leaves per 5 minutes of photosynthesis. 

Results 

Table I shows the r e su l t s  of these two experiments i n  terms of the 

t o k l  amcmt of radioactivft.y fixed, the amount fixed i n  the 80$-ethanol- 

soluble portion and the dis t r ibut ion of ac t iv i ty  i n  various compounds . 
The t o t a l  a c t i v i t y  fixed is  greater f o r  short-day than f o r  long-day leaves 

6 i n  Experiment A (1.7 x 10 c / d g  a s  cmpared with 1.2 x lo6 c/m/g) but 

6 6 
l a s s  i n  kperiment B (1.5 x 10 c/m/g a s  cmpared w i t h  9.5 x 10 c/q/g) . 
The amount d' ac t iv i ty  fixed i n  the ethanol-soluble portion is  l e s s  Tor 

short-day than f o r  long-day plants i n  both experiments . 
Tne amount of ac t iv i ty  i n  the  various compounds on the chromatograms 

varies considerably, depending on the  previous day-length treatment of the 

leaves. The r a t i o  of the a c t i v i t y  fixed i n  each compound by short- and 

long-day leaves has been entered i n  the  table i n  order t o  present a 

c learer  picture of what these a c t i v i t y  values mean i n  terms of %he ef fec t  

(7) Bassham, J. A., Bensm, A .  
A .  T., and Calvin, M., The 
The Cyclic Regeneration of 
Soc., z, 1769 (395ir.I. 

A*, my, L. D., Harris, A .  Z ., Milson, 
Path of Carbon i n  Photosynthesis. EI. 
Carbon Dioxide Acceptor, J . AIR. Chem. 



Df ecmsion 

Alkhaugk these 6xpsrh~nts  aye of? a aery pre%Mntav mLma, %he 

s a s d t s  c l s a ~ l y  fmdkats  %hat i n  the case of Kd.aneh& b~ossfe~dfana ~8 

nnetabolksnr, of" early produets 0% photosm%hesis is altered by gat.owbh in two 

dffPesent day k - ~ g t h s ,  one 92 which induces f lower  %~mtf ~ I I  and the other 

d whf a% d ~ e s  m% 

The to%a3. areomt 02' C8,  incorpsm%sd fn%o %he leaf eom"e%%aents 
6" 

ha& been shown So depn&ng upon %he prs~Low day length t ~ e a b e n - t  

am3 psasfbly dspsadlng upor, %h6 reprduct ive  &ate ef' the p b n t s  a% %he 



complred because experimental conditions such as i igh t  intensity,  C02 

avaiPabflity, etc., were not %he same in 'the two  cases. However, the f a c t  

t h a t  the arn~u11-k of' 602 fixed by short-day leaves as  compared with long-day 

leaves is; sharpb reduced from the time of f2owerfng t o  the % h e  when 

fruit  has beon f omed may be sigafff cant,  This Tacit. corresponds with the 

r e s a l t s  of Bods 8s nanmetrf c experbents wnf & shower? lower CO f ixat ion 
2 

of lg. blossfeldiam leaves frm. plants t~hfeb were p s t  flowering than fram 

those which were in hrd .6 The f a c t  tha t  i n  &perbent  A more C02 was 

f k e d  by short-day thzn by bong-day leaves a lso  eomesponds approximately 

with M s  findings of GO2 f ixatior. ra tes  using leaves f rm plants of about 

spcuki%s as t o  the node 02 act ion by whf & dif ferent  photoperf sds involk 

qmn%itatfve changes i n  the reactions r e sp~ns fb le  f o r  the several cm- 

pounds shown t o  m,-? between short-day and loag-day leaves . However, 

of these differences is to be seen i n  the relative amounts of the thsee 

amino acids, glycine, serine, rand alanine, which ape synthesized in 

sho~t- and loag-fray p l ank  s. idhile the total amount of soltible compounds 

newly mado is considerabr~ greater i n  the long-day plant than it i s  i n  

the shorLday plant,, the a n o u t  of n e w l y  made three carbon amino acids, 

serfne and ahcics increases much more than proportionately, while the 



i n  Ekperhent A the glyeine newly made is ac tua l ly  less,absolutely, i n  the  

long-day plant.  Whether t h i s  shortage of Pabeled glycine i n  the long-day 

plant is due t o  a deerease i n  the re la t ive  r a t e  of i t s  synthesis or an 

increase in the  re la t ive  r a t e  of i t s  u t i l i z a t i  on remains t o  be seen. 

While the r e su l t s  of these experiments demonstrate metabolis changes 

which a r e  the rtasul% of different  photoperiodic treatments, they do not 

shed any l i g h t  on the question af whether s imilar  changes i n  photosynthetic 

products occur during the period of f l o r a l  induction, The f b d l n g s  of an 

imes t iga t ion  of tiais problem coupled with the r e su l t s  of Leopold and co- 

workers on enzymatic reactions carried on in the dark periods during 

photoinduction could well lead t o  an explanation of the actual  chemical 

rea e t i  ons involved i n photoinducti on. 





Table 1, Cont. 

A1anine 

bbmraose 

Fsuct ose 

Sucrose 

Total i n  acid regi'pn 

Total on chromatograms 

( 6 )  0 counts indicates no vis ible  ex.posure of the f i lm.  

t indicates exposure of film but counts too low above background counts t o  be considered accurate enough 
f o r  comparative purposes. 






