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Figure Comparison o f C ^ -b ica rb o n a te  and C ^ -a c e ta te  In co rp o ra tio n  
in to  Iso la te d  C h lo ro p lasts in  th e  L ig h t. Based on Data in  
Table 12.
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to  tho g a lac to se  p o rtio n  fro *  b icarbo n ate  and fro n  a c e ta te  was 1 i l , ex­

cep t fo r  th e  th ird  g a la e to lip id  f ra c tio n  (C) and th e  f i r s t  p o la r l ip id  

f ra c tio n  (E ) where th e  r a t io  was 1 (2 , b ic a rb o n a te ta c e ta te ,
Ik

Two p relim inary  t r i a l s  w ith  C -g lu co se  (Table 13) showed th a t  

whole l ip id  f ra c tio n s  had a c t iv i t ie s  a t  th e  sane le v e ls  a s  th e  co rre s­

ponding f ra c tio n s  f re e  a c e ta te  (Table 1 2 ), Only th e  unhydrolysed l ip id  

f ra c tio n s  were counted* In co rp o ra tio n  In to  p ig een t and g a la e to lip id  was 

low compared to  in co rp o ra tio n  in to  th ese  f ra c tio n s  fro n  a c e ta te . The 

l a s t  p o la r l ip id  f ra c tio n  showed th e  h ig h es t le v e l o f in co rp o ra tio n  of 

C ^ -g lu c o se , such h ig her than  any o f th e  o th e r frac tio n s*

4 . Experiment U I i  In co rpo ra tio n  o f C*** b r Iso la te d  

C h lo ro p lasts in  th e  i M  in  th e  Dark

P a rt 1 1 Incubation  w ith  C ^-g luo o se

P relim inary  te s ts  w ith  g lu co se -C ^ in  Experim ents I  and I I  (Tables
\9*13) shewed th a t  C fro *  g lucose i s  in co rpo ra ted  in to  lam e lla r l ip id  

bo th  by seed lin g s and by Iso la te d  c h lo ro p la s ts . There was wore ln o o r-
4 It

p o ra tlo n  o f  C -glucose in to  lam ella r l ip id  in  th e  dark  th an  in  th e  l ig h t  

(Table 9 ) .

In  Experim ent I I I*  P a rt 1* is o la te d  c h lo ro p la s ts  were incubated  
litw ith  10 pc o f C -g lu co se , uniform ly la b e lle d . In  th e  l ig h t  and dark fo r  

1 hour. The l ip id  f ra c tio n s  were co n so lida ted  and analysed  a s  th re e  f ra c ­

tio n s  ra th e r  th an  a s  s ix  sep ara te  f ra c tio n s . The th re e  f ra c tio n s  a r e ( l )  

p ig n en ti n e u tra l l ip id  (form erly  A )| (2 ) g a la e to lip id  (fo rm erly  B and C )t 

and (3 ) p o la r l ip id  (fo rm erly  E and F ),

Iso la te d  c h lo ro p la s ts  in co rp o ra te  more C ^-g ln co se  in to  th e  whole 

l ip id  f ra c tio n  in  th e  dark  than  in  th e  l ig h t  (Table 1 4 ). T his i s  a lso  

th e  ease w ith  th e  p o la r l ip id . In co rp o ra tio n  o f glucose in to  th e  pigment



litTable 131 Iso la te d  C h lo ro p lasts, C -Glucose 

A c tiv ity  le v e ls  o f C ^-g lucose  inco rp o ra tio n  In to  th e  laws l i a r  l ip id  o f iso la te d  Htcot^»»» c h lo ro p la s ts . 

Tho c h lo ro p lss ts  ware incubated w ith  10 pc C***-glncose fo r  1 hoar under l ig h t cond itio n al The a c tiv ity  

fo r  tho  tmhydrolysed l ip id  f ra c tio n s  froai two t r i a l s  a re  rep o rted . Average a c tiv ity  i s  g iven .

T r ia l 1 T r ia l 2 Average

F raction

whole l ip id  fra c tio n 3,79* 2,266 3,030

A. pignent) n e u tra l lip id )  
g a la e to lip id 214 65 139

B. g a la e to lip id ) pignent 176 66 121

C. g a la e to lip id 36 113 75

D. unknown lip id 37 *3 40

B. p o la r l ip id 179 565 372

F. p o lar l ip id 1,435 4?0 953
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and g a la e to lip id  fra c tio n s  I s  Much la s s  th an  in to  th e  p o la r l ip id  in  both  

th e  l ig h t  and d a rk ,
14The g re a te s t amount o f In co rp o ra tio n  o f C .g lu co se  in to  g alac­

to se  i s  in  th e  g a lac to se  p o rtio n  o f th e  dark  p o la r l ip id  f ra c tio n . The 

lam est le v e l o f a c t iv i ty  in  g a lac to se  was in  th e  g a la e to lip id  f ra c tio n  o f 

l ig h t  incubated  c h lo ro p la s ts  (Table 1 4 ). The h ig h es t co n cen tra tio n  o f 

g a lac to se  i s  In  th is  f ra c tio n  (2 ) according to  paper chromatograms. I t  

was in d ic a te d  in  previous experim ents, b u t i s  q u ite  s tr ik in g  in  E xperi­

ment H I ,  th a t  h igh  le v e ls  o f in co rp o ra tio n  In  th e  g a lac to se  p o rtio n  do 

n o t co incide w ith  th e  h ig h est amounts o f g a la c to se . These d a ta  a re  sum­

m arised and compared in  T ables 16 and 17 and in  Figure 5.

14P a rt 2 t Incubation  w ith  Sodium -acetate-2-C

The d iffe re n c e s  between l ig h t  and dark  in co rp o ra tio n  o f  a c e ta te  

were no t g re a t In  Experiment 1 , There were in d ic a tio n s  th a t  c h lo ro p la s ts  

could sy n th esise  compounds from a c e ta te  in  th e  d ark  a s  w e ll as in  th e  

l ig h t .

For Experiment H I ,  P a rt 2 , Iso la te d  c h lo ro p la s ts  were incubated 

in  th e  l ig h t  and dark  w ith  50 pe o f C ^ -a c e ta te . In co rp o ra tio n  o f ace­

ta te  was g re a te r  in  th e  dark  th an  in  th e  l ig h t  w ith  a l l  f ra c tio n s  (Table 

1 5 ). The d iffe re n c e s  in  a c t iv i ty  among th e  f ra c tio n s  a re  n o t a s  g re a t 

w ith  a c e ta te  a s  w ith  g lucose, a lth o ug h , a g a in , th e  p o la r l ip id  f ra c tio n  

shows th e  h ig h es t le v e l o f in co rp o ra tio n .

There were re la tiv e ly  h igh  le v e ls  o f a c t iv i ty  in  g a lac to se  from 

p ig nen t and from g a la e to lip id s  w ith  h ig h e s t in co rp o ra tio n  found in  g alac­

to se  from p o la r l ip id s  in  th e  d a rk .

The average le v e l o f C*1* in co rp o ra tio n  from a c e ta te  was le s s  than  

from  glucose in  th e  whole l ip id  f ra c tio n  (Table 1 6 ). T his lower le v e l 

nay be due p rim a rily  to  h igher la b e llin g  o f p o la r l ip id s  by g lucose.



Table 141 L ight and Dark Incorporation  o f C ^-G lnoose 

A c tiv ity  In  counts p ar adn par mg o f whole law e lla r l ip id . Iso la te d  M icotiana c h lo ro p las ts  ware ineubatad 

In  th e  l ig h t  and in  th e  dark w ith  10 pa o f C ^-g luco se  fo r  1 hoar.

____________________    T r ia l 1___________________ T r ia l  2 T r ia l  3

F ractions Onhvd. G al. Unhvd. G al. Unhvd. G al.

LIGHT t -

whole l ip id  fra c tio n 2.272 3,436 3,733

1* pignent} n e u tra l lip id }  
g a la e to lip id 6b 835 532 46 211 352

2 . g a lae to lip id }  pignent 90 99 435 43 243 79

3* p o la r l ip id 627 507 2.329 1.958 487 503

DARKi

whole l ip id  fra c tio n

1 . p ig nan ti n e u tra l l ip id  |  
g a la e to lip id

2 . g a lae to lip id }  p ignent

3. polar lipid

6.205 8,011

291 236 410

209 155 438

3.010 2,932 4,597

7.160

96 244 158

28 399 70

3,298 4,754 2,608



Table 15i L ight and Sark Inco rporation  o f Sodiun-Acetato-2-C*^

A c tiv ity  in  counts p er n in  per ng whole la n e ! ta r  l ip id . Iso la te d  H ieotiana o h lo ro p lasts were incubated  w ith  

50 pc o f sodiun aceta te-2 -C  In  th e  l ig h t  and in  th e  dark fo r  1 hour.

T r ia l 1___________________ T r ia l 2________________T ria l 3

F ractions Unhyd. G al. Unhyd. G al. Unhyd. G al.

UQHTi

whole l ip id  fra c tio n 859 1,563 3,107

1 . p ignentf n e u tra l l ip id  
g a la e to lip id 15* 118 263 67 663 297

2 . g a la e to lip id  1 p ignent 187 220 302 205 441 277

3 . p o la r l ip id 250 3*5 606 376 1,021 650

DARKi

whole l ip id  fra c tio n 1,398 2,566 5,747

1 . p ignent 1 n e u tra l l ip id  
g a la e to lip id 207 176 365 202 714 987

2 . g a la e to lip id 1 pignent 268 168 507 216 1,094 344

3 . p o la r l ip id 255 187 1.511 447 1,983 1,200



Table 161 Average Incorpo ration  fro a  Glucose and A cetate 

Average Incorporation  o f C1*  in to  la w e lla r l ip id  and g alacto se  o f Iso la te d  ch lo ro p las ts  fro a  C ^-g lnoose 

and C **-acetate. Data derived  fro a  T ables 1* and 15.

Qlncose___________________________________ A cetate

F ractions Unhvd. Gal. Unhvd. G al.

LIGHTi

whole l ip id  fra c tio n 3,1*7 1,8*3

1 . pignent} n e u tra l lip id }  
g a la e to lip id 269 *11 360 161

2 . g a la e to lip id | pignent 256 7* 310 23*

3 . p o la r l ip id 1,1*7 989 626 *53

DARKi

whole l ip id  fra c tio n 7,125 3,237

1 . p ig n en tt n e u tra l lip id }  
g a la e to lip id 315 163 *29 *55

2 . g a la o to llp id i pignent 3*9 8* 623 2*5

3 . p o la r l ip id *,120 2,913 1,250 611



Table 17> L ight iDark R atios 

L igh ttdark  r a t io s  fo r  in co rp o ra tio n  In to  lane  l i a r  l ip id  o f iso la te d  c h lo ro p la s ta . C h loroplasts ware 

inottbatod w ith C ^-g lneo se  and C ^ -a c e ta te , Data derived  from Table 16,

___________________________________________ Unhvdrolrsed G alactose

Glncose A cetate Glucose A cetate

 F rac tio n s lig h ttd a rk __________ lig h t i dark_________ lig h t  i dark_________ lig h t t  dark

whole l ip id  fra c tio n I i2 1*2

1 . p ignent i n e u tra l l ip id  i 
g a la e to lip id 111 111 3*1 1*3

2 . g a la c to lip ld i pignent 111 1*2 111 l i l

3 . p o lar l ip id l ih l i2 i»3 H I
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Figure 5 Comparison o f C *^-acetate  end G^^-glnoose In co rp o ra tio n  In to  
Is o la te d  C h lo rop lasts In  th e  L ight end Dark. Date fro *  
T ables 16 and 1 ? .
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Average In co rp o ra tio n  frost a e a ta ta  was h ig h er than  from glucose in  p ig­

ment and g a lao to lip d d  fra c tio n s  in  both th e  l ig h t  and d ark . Average inco­

rp o ra tio n  in to  g a lac to se  frost C ^ -a c e ta te  was a lso  h ig her th an  f r e e  g lu ­

cose w ith  th e  f i r s t  two f ra c tio n s .

L ightiD ark R a tio s . Twice a s  each i s  in co rp o ra ted  in to  whole 

l ip id  in  th e  dark  a s  in  th e  l ig h t  frost both  su b s tra te s  (Table 1 7 ). There 

was a  1 i t  r a t io  o f in co rp o ra tio n  fo r  pigment f ra c tio n s  frost th e  two subs­

t r a te s  and fo r  th e  g a la c to lip id  f ra c tio n  frost g lu co se. G a lae to lip id  from 

a c e ta te  was la b e lle d  in  a  I i2  r a t io ,  lig h ttd a rk . P o la r l ip id s  inco rpora ted  

glucose in  a  I i4  r a t io  and a c e ta te  in  a  I i 2 ( lig h ttd a rk , r a t io .

A c tiv ity  from C -g lu co se  was found in  g a lac to se  in  a  3*1» l ig h t  t 

d a rk , r a t io  in  th e  pigment fra c tio n *  111 in  th e  g a la c to lip id  f ra c tio n  and 

1*3 in  th e  p o la r l ip id  f r a c tio n . G alactose from th e  pigment f ra c tio n  

la b e lle d  w ith  C ^ -a c e ta te  showed a I 13, l ig h t  td a rk , r a t io  and 111 in  both  

th e  g a la c to lip id  and p o la r l ip id  f ra c tio n s .



IV. DISCUSSION

Review o f R esu lts

Experiment I t  In ta c t Seedlings 

The r e s u l ts  In  Experiment I ,  In  which H lco tlana tabacum seed lin g s 

were Incubated w ith  C ^ -b ica rb o n a te  and C ^ -a c e ta te  In  th e  l ig h t  and d ark , 

show th a t  th ese  su b s tra te s  can be Incorporated  in to  both  lam ella r l ip id s  

and th e  g a lac to se  a sso c ia ted  w ith  th ese  l ip id s .

When C1^-b icarbo n ate  was used , most o f th e  in co rp o ra tio n  was in  

pigment and g a la c to lip id  f ra c tio n s . A c tiv ity  in  p o lar l ip id  f ra c tio n s  

was r e la tiv e ly  h ig h , b u t was about one h a lf  th a t  in  pigment and g a la c to - 

l i p i d .

Acetate-C***- was in co rpo ra ted  in to  th e  same f ra c tio n s , bu t a c t i ­

v i ty  was h ig h es t in  p o la r l ip id .  H igher a c tiv ity  le v e ls  in  p o la r l ip id
14were a lso  apparen t when C -g lucose was used , although  o v e ra ll a c t iv i ty

le v e ls  were low er w ith  glucose th an  w ith  th e  o th er two su b s tra te s .
14The h ig h est le v e l o f a c t iv i ty  in  g a lac to se  from C -b icarb o n ate

was found in  th e  p ig m en t-g a lae to lip id  f ra c tio n . There was con sid erab le
14ra d io a c tiv ity  in  th e  g a lac to se  from p o la r l ip id . A cetate-C  was a lso  

used by th e  p la n t to  make g a la c to se , w ith  th e  g re a te s t amount o f in co r­

p o ra tio n  found in  g a lac to se  from th e  p o la r l ip id .

In co rp o ra tio n  o f b icarbonate  in to  l ip id  fra c tio n s  was la rg e ly  de­

pendent upon Incubation  o f th e  seed lin g s in  th e  l ig h t .  Pigment and galac­

to lip id  showed a  much g re a te r l ig h t  to  dark  d iffe ren c e  than  d id  p o la r 

l ip id .  W ith C ^ -a c e ta te , th is  l ig h t  to  dark  d iffe re n c e  i s  no t a s  ev id e n t, 

a lthough th e  a c t iv i ty  i s  tw ice a s  high in  pigment and g a la c to lip id  in  the  

l ig h t .  In co rp o ra tio n  o f a c e ta te  in to  p o la r l ip id  was tw ice as h igh  in
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the  d a rk .
14From th e  one t e s t  w ith  C -g lu co se , i t  appeared th a t more glucose 

I s  in co rp o ra ted  in  th e  dark  than  in  th e  l ig h t . The g re a te s t d iffe ren c e  

was apparen t In  th e  p o la r l ip id  f r a c tio n , where a c t iv i ty  was fo u r tim es 

a s  h igh  in  th e  d a rk .

The l ig h t  to  dark  d iffe ren c e  was most s tr ik in g  when g a lac to se  

from seed lin g s incubated w ith  b icarbonate  was measured fo r  a c tiv ity .

The in co rp o ra tio n  of C ^ -b io a rb o n a te  in to  g a lac to se  from  pigment and 

g a la c to lip id  was enhanced by l ig h t  incu batio n  from  14 to  20 tim es as much 

as in  th e  d a rk . G alactose froa p o la r l ip id  had 56 to  86 tim es as much a c t i ­

v ity  In  th e  l ig h t  a s in  th e  dark when b icarbonate was th e  su b s tra te .

la rg e  l ig h t  to  dark  d iffe re n c e s  were n o t a s  apparen t in  g a lac to se  
14b u i l t  from  C -a c e ta te . Twice a s  much in co rp o ra tio n  in to  g alac to se  

occurred in  th e  l ig h t  w ith  pigL snt and g a la c to lip id . There was tw ice as 

much a c tiv ity  in  g a lac to se  from th e  p o la r l ip id  in  th e  d ark .

Experiment I I 1 Iso la te d  C h lo ro p lasts in  th e  L igh t
14 14C -b icarb o n ate  and C -a c e ta te  were both e ffe c tiv e  su b s tra te s

fo r  lam e lla r sy n th esis  by is o la te d  c h lo ro p la s ts  Incubated in  the  l ig h t .

A cetate was a b e tte r  su b s tra te  th an  b icarbonate  fo r  whole l ip id , pigment

(A) and p o la r l ip id  (F ). In  two f ra c tio n s , g a la c to lip id  (C) and p o la r

l ip id  (E ), th e re  was more a c t iv i ty  from b ica rb o n ate .

A cetate was an e ffe c tiv e  su b s tra te  fo r  sy n th e sis  o f  g a lac to se  by

c h lo ro p la s ts . Except fo r g a lac to se  a sso c ia ted  w ith  th e  pigment f ra c tio n

(A ), where th e re  was s l ig h tly  more a c tiv i ty  from  b ica rb o n ate , a c t iv ity

was h igher from a c e ta te  th an  from  b ica rb o n ate . Two te s t s  w ith  is o la te d
14c h lo ro p la s ts  la b e lle d  w ith  C -g lucose show th a t  glucose i s  a lso  a  good 

su b s tra te  fo r  sy n th e sis  o f  lam ella r l ip id s .
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Experim ent I I I i  Iso la te d  C h lo rop lasts In  th e  L ight and Dark 

Iso la te d  c h lo ro p la s ts  s e re  incubated  w ith  C ^ -a c e ta te  and 

glucose In  th s  l ig h t  and d a rk . R esu lts from a c e ta te  Incubation  show 

th a t  is o la te d  c h lo ro p la s ts  use a c e ta te  t o  sy n th esise  lam e lla r l ip id s  and 

g a lac to se  in  th e  d ark , le v e ls  o f a c t iv i ty  were h ig h er in  a l l  f ra c tio n s  

from d ark  incubated c h lo ro p la s ts . Again, in co rp o ra tio n  from a c e ta te  in ­

to  p o la r l ip id  was e sp ec ia lly ’ h igh .

C -g lucose was inco rp o ra ted  in to  a l l  f r a c tio n s , both  l ig h t  and 

d a rk . The h ig h est le v e l o f a c t iv i ty  was found in  p o la r l ip id . The low est 

a c t iv i ty  le v e l was found in  g a lac to se  from g a la c to lip id . G alactose fro *  

th e  pigment f ra c tio n  showed h ig h er a c t iv i ty  in  the l ig h t  than  in  th e  dark , 

b u t excep t fo r  th i s  one f ra c tio n , in co rp o ra tio n  was h ig h er in  th e  dark  

than  in  th e  l ig h t .  This i s  e sp e c ia lly  n o ticeab le  w ith  p o lar l ip id  and 

th e  g a lac to se  a sso c ia ted  w ith  i t .

Conclusions from R esu lts 

Of th e  th re e  su b s tra te s  u sed , carbon d iox ide appears to  be th e  

only  one fo r  which th e  eh lo ro p la s t re q u ire s  l ig h t  generated  energy to  

b u ild  l ip id  and carbohydrate. In  an e a r l ie r  paper (5 ) , d e tec ted  an 

in d ic a tio n  o f dark in co rp o ra tio n  of C02 in to  lame! Tar l ip id . For th a t  

work, seed lin g s which were to  be used fo r  dark  t e s ts  were p laced  in  th e  

dark  fo r  only  one hour befo re  la b e llin g . W ith th e  p resen t experim ents, 

seed lin g s were p laced  in  th e  dark  f o r  cue hour o r fo r  th ree  h o u rs. Re­

s u l ts  frasi t e s t s  w ith  a  th re e  hour dark  period  showed extrem ely low le v e ls  

o f  dark  in co rp o ra tio n  o r none a t  a l l  in  some f ra c tio n s . Seedlings which 

had been placed in  th e  dark fo r  one hour b efo re  in cu b atio n  in co rp o ra ted  

C* ̂ -bioarbonSte in to  a l l  1 see l i a r  l ip id  fra c tio n s  to  a  s l ig h t  d eg ree. 

A pparently , energy from pho tosyn thesis can rem ain fo r  a long enough tim e
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a f te r  l ig h t  i s  removed to  be used fo r  some CG  ̂ red u c tio n .

When lam e lla r l ip id s  end g a lac to se  e re  b u i lt  from e c e te te  end 

g lucose, ap p aren tly  l ig h t  energy I s  n o t e  n e c e ss ity . When th ese  su b s tra te s  

were used , seed lin g s were p ieced  In  th e  dark  fo r  24 hours befo re  Incuba­

t io n . In co rp o ra tio n  o f C*** In to  lam ella r compounds from  th ese  su b s tra te s  

was a s  high I f  n o t h igher in  th e  dark  than  in  th e  l ig h t .

A cetate and glucose appear to  be b e tte r  su b s tra te s  than  carbon 

d iox ide fo r  sy n th esis  o f p o la r l ip id s .  A cetate seems to  be a  more e ffe c ­

tiv e  su b s tra te  fo r  pigment and, In  most in s ta n c e s , fo r  g a lac to se  than  does 

COg. These r e s u l ts  c o n tra s t w ith  a re p o rt (16) th a t  C02 i s  a  te n  fo ld  

b e tte r  su b s tra te  than  a c e ta te  fo r  chloroform  im ethanol so lu b le  compounds 

in  iso la te d  S plnacla o lsra ce a  c h lo ro p la s ts . In  th ose  experim ents, how­

e v e r. in co rp o ra tio n  was only  0 .6$  o f th e  to ta l  uptake o f th e  iso to p e . No 

a ttem p t was made to  sep ara te  th ese  compounds in to  f ra c tio n s , n o r was th e re  

any sep ara tio n  o f lam ella r compcnents from o th er c h lo ro p la s t components 

( l6 ) .  Since su b s tra te s  o th e r than  carbon d iox ide can be b u i l t  in to  lam el­

l a r  l ip id  and g a lac to se  and because th e re  i s  an obvious d iffe re n c e  in  th e  

requirem ent fo r  l ig h t  energy, more than  one ro u te  fo r  sy n th esis  o f s tru c ­

tu r a l  components in  th e  c h lo ro p la s t i s  in d ic a te d .

P o ssib le  Syntheses 

Inco rp o ra tio n  o f COg in to  g a lac to se  seems to  be d ir e c tly  t ie d  to  

p h o to sy n th esis . F e rra r i and Benson (1 7 ). re p o rt th a t  g a lac to se  i s  la b e l­

le d  before th e  r e s t  o f th e  g a la c to lip id  under photo sy n th e tic  co n d itio n s.

G a lac to sy lg ly eero l, d ig a lao to sy lg ly ce ro l and diglycerophosphate were 

among th e  most ra p id ly  la b e lle d  compounds frost C^Og (1 7 ). T rig ly ce rid es  

were la b e lle d  more slow ly th an  su rfa c ta n t l ip id s  and th e  f a t ty  ac id  por­

t io n s  o f su rfa c ta n t l ip id s  were la b e lle d  more ra p id ly  than  o th e r e s te r i -



f ie d  f a t ty  a e ld s . Thera was ap p aren tly  an exchange o f ga lacto se  w ith  In ­

term ed ia tes o f haxose sy n th esis (1 7 ).

One way th a t  g a lac to se  can be sy n th esised  from CCXg I s  through th e  

carbon red u ctio n  cycle  where ATP and NADPH a re  derived  d ir e c tly  from th e  

l ig h t  cy c les o f photosynthesis*  H ere, carb ax y la tio n  o f  rlb u lo se  1 ,5 -  

d iphosphate proceeds through phosphorylated th re e  carbon in te rm ed ia tes 

from which s ix  carbon sugars a re  b u i l t .  Once a  glucose m olecule i s  

form ed, UDP tra n s fe ra s e s  and an eplem rase can a id  In  form ing g a lac to se  1 - 

phosphate, N eufeld (33) re p o rts  th a t, when UDP-galactose-C1^  was fed  to  

is o la te d  S plnacia o leracea  c h lo ro p la s ts , th ree  chloroform im ethanol solu­

b le  g a lao to sld es showed ra d io a c tiv ity , UDP-glucose and UDF-galactose were 

th e  only  donors o f  g alacto se  in  is o la te d  c h lo ro p la s ts  in  tra n s fe ra s e  re ­

a c tio n s  (3*0. The eq u ilib riu m  o f g lucose 1-phosphate to  g a lac to se  1 - 

phosphate i s  1*3 (2 2 ).

Another way, d ir e c tly  t ie d  to  ph o to sy n thesis, fo r  COg to  be a s s i­

m ila ted  in  is o la te d  c h lo ro p la s ts  i s  through g ly co lic  a c id . Under con­

d itio n s  o f h igh l ig h t  in te n s ity , h igh  oxygen p ressu re  and low p a r t ia l  p re s­

su re  o f carbon d io x id e , fo rm ation  o f g ly co lic  a c id  has been rep o rted  by 

Bradbeer and Anderson (9 ) , who suggest a  path  o f  sy n th e sis  fo r  hexose from 

g ly co lic  ac id  S e litc h  (66) proposes th a t  hexoses may be formed from  gly­

c o lic  ac id  under co n d itio n s o f low carbon d ioxide p ressu re  vhioh i s  th e  

s itu a tio n  in  th e  normal environm ent. In term ed iate  s tep s in  g ly co lic  acid  

form ation  have n o t been a s  w e ll worked out as th o se  in  th e  carbon reduc­

tio n  c y c le , b u t, aeoording to  Z e litc h , oarboxylation  through g ly c o lic  ac id  

m ight be a s  im portan t a means o f hexose sy n th esis a s  th e  carbon red u c tio n  

c y c le . The p ath  could go from  g ly co lio  ac id  to  3-phosphoglyceric ac id  to  

t r lo s e  phosphate to  hexoses o r from g lyo o lio  so ld  through serin e  to  hexose
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An a ttr a c t iv e  fe a tu re  o f th e  l a t t e r  p a th  le  th a t  s te p s  from 3-  

phosphoglycerate to  hydroxy pyruvat e  to  se rin e  a re  re v e rs ib le  and bypass 

th e  phosphosnolpyruvate to  pyruvate s te p  whioh i s  I r re v e rs ib le  (22) , 

T rio se s , sy n th esised  in  th e  C alvin cycle  nay lea d  d ire c tly  to  th e  syn­

th e s is  o f g ly c e ro l, f a t ty  ao ld s and pigm ents. G lycero l nay be forced 

from  e ith e r  g lyeeraldehyde o f from  3-g lycerophosphate.

F a tty  ac id s can be fo rced  by th e  conversion o f t r io s e  phosphates 

to  pyruvate and hence to  a c e ty l CoA. The com bination o f 3-glycerophos­

phate and f a t ty  a c id s  could fo re  th e  phospholipids (2 2 ). These step s in  

f a t ty  ao id  sy n th esis im ply some ty pe  o f g ly c o ly sis  in  th e  c h lo ro p la s t.

Free a c e ta te  has been shown to  be th e  b e s t p recu rso r fo r  th e  long 

chain f a t ty  a d d s  in  is o la te d  o h lo ro p la s ts  ( 53) I i t  i s ,  th e re fo re , n o t 

su rp ris in g  th a t  our d a ta  show h igh  a c tiv i ty  in  f a t ty  a d d  and pigm ent.

The source o f endogenous a c e ta te  in  th e  c h lo ro p la s t i s  unknown. In fo r­

m ation about th e  organic a d d s  p re sen t in  is o la te d  o h lo ro p la s ts  i s  fra g ­

m entary. Presumably, one major source o f compounds fo r  f a t ty  ac id  syn­

th e s is  in  c h lo ro p la s ts  i s  th e  su g a rs . I f  th is  i s  th e  ease , phosphoenol- 

pyruvate, a r is in g  from sugar m etabolism , could go to  a c e ty l CoA.

K lco tiana tabacna leav es a re  known to  co n ta in  m alic a c id  in  con­

s id e rab le  q u a n tity  and c i t r i c ,  o x a lic  and su ccin ic  a d d s  in  le s s e r  am ounts. 

M alate syn thetase  (65 ) has been is o la te d  from  tobacco leav es and phos- 

phoenolpyruvate carboxylase (A3) has been found in  Is o la te d  c h lo ro p la s ts . 

Stumpf proposes some p o ssib le  re a c tio n s  fo r  f a t ty  a c id  sy n th esis in  is o ­

la te d  c h lo ro p la s ts  (53)*

"pyruvic a c id  —  — aeetyl-CoA  + COj + HjjO 

phosphoenolpyruvate + HgO + CO  ̂ — — o x alo ace tic  + ILgO 

MADPH + o x alo ace tic  — - -  c a lie  + HADP 

m alic + MAW ——  pyruvic + COg + MADFB



51.

m alate + ATP <f CoA---------malyl-CoA + ADP + P

malyl-CoA ——  aeetyl-CoA  + g ly o x ala te

o x a lo ace tic  a c i d  malonyl-CoA + COg

m alonyl-CoA  a c e ty l CoA + ° °2

xyulose 5 -p h o sp h a te ---------t r io s e  phosphate + acetyl-CoA

g ly  o x a la te  ——  ao e tlo  a c i d  a o o ty l CoA"

Although th e  re a c tio n s  suggested by Stumpf a re  sp eeu la tiT e . th ey  o ffe r  

s o m  a lte rn a te  ro u te s  fo r  f a t ty  a c id  sy n th esis In  th e  c h lo ro p la s t.

Inform ation about sugar sy n th esis  from a c e ta te  in  th e  b h lo ro p la st 

I s  more meager th an  Inform ation concerning f a t ty  a c id  sy n th e s is . For 

C*** a c t iv i ty  from a c e ta te  to  occur In  galactose* a p a th  from f a t ty  ac id  

m etabolism  through a c e ty l CoA must e x is t .  I f  l ip id  i s  formed f i r s t  from 

ace ta te*  sugars could be b u i l t  from m etabolised l ip id  through a  re v e rsa l 

o f g ly c o ly s is . A cetyl CoA* processed through se v e ra l s te p s  to  g ly o x a la te * 

m alate and o x a lo aee ta te , could be a  source o f phosphoenolpyruvate fo r  

hexose sy n th e s is . T his system  has been found In  germ inating seeds (7 ) .

I f  some o f th e  re a c tio n s  proposed by Stumpf e x is t ,  e sp e c ia lly  th ose  in ­

volv ing  g ly o x y la te , m alate , and oxaloaeetate*  then  a s im ila r system  may 

e x is t  In  c h lo ro p la s ts .

Many o f th e  same q u estio n s can be asked about a  glucose su b s tra te  

a s  a re  asked about a c e ta te . In  a l l  in stan ces except one, glucose in co r­

p o ra tio n  In to  both  l ip id  and g a lac to se  mas g re a te r  in  th e  dark  than  in  

th e  l ig h t .

One u n lik e ly  p o s s ib ili ty  i s  th a t  som o f th e  glucose becoM s 

phosphorylated a s  soon a s  i t  e n te rs  th e  ch lo ro p last*  th en  ep lM rase  and 

tra n s fe ra s e  re a c tio n s  could change i t  to  g a lac to se  1-phosphate. An in ­

stance  where th is  m ight occur i s  in  th e  g a lac to se  (F rac tio n  1) a ttach ed  

to  th e  p d g M n t-g a lae to lip id  complex uhere a c t iv i ty  in  g a lac to se  was
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g re a te r  In  th e  l ig h t  than  in  th e  d a rk . T h en  appears to  be p re fe re n tia l 

sy n th esis  o f p o la r l ip id  and th e  g a lae to se  a ttac h ed  to  i t  w ith  both aoe- 

ta te  and g lnoose. The l ip id  and g a lac to se  a re  la b e lle d  from both  subs­

t r a t e s ,  A pathway by which p a r t o f th e  glnoose rem ains in ta c t  fo r  phos­

p h o ry la tio n  and ep im erisa tio n , and p a r t i s  broken down to  acetyl-CoA  fo r  

l ip id  sy n th e s is , i s  la s s  l ik e ly  th an  a  pathway in  whi&h glneoae i s  de­

graded to  sm aller fra g e m ts  when i t  e n te rs  th e  c h lo ro p la s t. I t  should 

be p o in ted  o u t, a g a in , th a t  th e  h ig h est le v e ls  o f ra d io a c tiv ity  do n o t 

co incide w ith  th e  g re a te s t co n cen tra tio n  o f g a lae to se . What i s  in d ic a te d  

i s  th a t  some compounds a re  syn thesized  more ra p id ly  from  an exogenous sub­

s tr a te  th an  a re  o th e rs . According to  W alker (5 9 ), two ty p es o f carbo^y- 

la tio n  p rocesses e x is t  in  c h lo ro p la s ts . One type in c lu d es those pro­

cesses d ir e c tly  t ie d  to  pho tosyn thesis such as th e  carboxyla tio n  o f r i -  

bulose 1 ,5  d iphosphate. The o th e r type in c lu d es non-photosynthetic  pro­

cesses in  which ATP and red u c tan ts  such a s  KADH a re  formsd from re s p ira ­

to ry  pathw ays. S ev era l non-photosynthetic carbaxylatiom s cou ld  proceed 

sim ultaneously , Phosphoenolpyruvate could be th e  dark  aocep to r o f C02 . 

S yn thesis o f  g a la c to se , l ip id s  and pigm ents could proceed from  phosphoenol­

pyruvate , That g ly c o ly s is , o r an analogous system , i s  p resen t in  th e  

c h lo ro p la s t i s  s tro n g ly  in d ic a te d  by th ese  d a ta .

Much rem ains to  be in v e s tig a te d  about sy n th e tic  pathways in  th e  

c h lo ro p la s t. More work w ith  c h lo ro p la s t ensymes and ensyme in h ib ito rs , 

in v e s tig a tio n s  concerning re a c tio n  sequences and mere experim ents w ith  

iso la te d  o h lo ro p la sts  in  th e  dark  could o la r ify  much o f what i s  now specu­

la tiv e  about sy n th esis in  th e  c h lo ro p la s t.

O ther problems which deserve more in v e s tig a tio n  a re  concerned 

w ith  th e  s tru c tu re  o f th e  c h lo ro p la s t menifarana system . The e lo se  p ig - 

m en t-g a lac to lip id  a sso c ia tio n  noted by Rosenberg was observed throughput
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th e  p resen t experim ents ( b a t no attem pt m  node to  d efin e  i t  in  any more 

d e ta i l .  The g re a te s t co ncen tra tion  o f g a lae to se  m s  always a sso c ia ted  

w ith  p ignent f ra c tio n s . Pigments a sso c ia te d  w ith  fra o tio n  B were yellow - 

g reen , th ese  w ith  f ra c tio n  C were b in e-g reen . Do ch lo ro p h y ll b and ch lo ro ­

p h y ll a  bind p re fe re n tia lly  to  m anogalactoayl and d ig a la c to sy l d ig ly ­

c e rid e s  re sp ec tiv e ly ?  What i s  th e  p o la r l ip id  involved and how i s  i t  

b u i l t  in to  th e  lip o p ro te in  complex o f th e  lam ellae?

Are th e  in n e r and o u te r membranes o f th e  c h lo ro p la s t plasma mem­

branes th e  same in  s tru c tu re  and function? Recent work w ith  m itochondria 

suggests th a t  th e  two membranes o f c e l l  o rg an e lle  plasma membranes a re  

d if fe re n t (8 ) , What enzyme systems a re  lo ca te d  in  th ese  membranes? How 

i s  th e  passage o f glucose and a c e ta te  f a c i l i t a te d  acro ss th e  membranes?

In  th e  in ta c t  le a f ,  much of th e  carbon su b s tra te  f o r  l ip id  and 

sugar sy n th esis  in  th e  c h lo ro p la s t comes from o th e r p a rts  o f th e  c e l l  

through re s p ira to ry  p ro cesses. The e ffic ie n c y  o f th e  euk ary o tic  c e l l  

i s  in  a  la rg e  p a r t based on many re a c tio n s  being coapartnen ted  in  organ­

e l le s  and proceeding sim ultaneously . T his r a is e s  th e  q u estio n  o f whether 

o r n o t is o la tin g  an o rg an e lle  from i t s  c e llu la r  environm ent induces many 

sy n th e tic  and m etabolic p rocesses which would o rd in a rily  be c a rr ie d  ou t 

by some o th er p a rt o f th e  c e l l .  The q uestio n  o f in d u ctio n  a ls o  has been 

ra is e d  in  connection w ith  in v e s tig a tio n s  concerning th e  g e n e tic s  and auto­

nomy e f  m itochondria (5 8 ). To claim  th a t  what happens w ith  o rg an e lle s in  

is o la tio n  i s  e x a c tly  th e  sane a s  what occurs in  th e  in ta c t  organism  i s  to  

make an assum ption about com pletely d if f e re n t environm ental system s. I f  

s u f f ic ie n t p o te n tia l fo r  biochem ical re a c tio n s  e x is ts  In  Is o la te d  ohloro­

p la s ts , then  th e  o rg an e lle  could very  w e ll have been autonomous a t  one 

tim e .



V . SUMMAKT

Both is o la te d  H ieo tiana tabacun o h lo ro p la sts  and 

tabaoun seed lin g s se re  incubated  s i t h  C* ̂ -a c e ta te , Clif-b ioarbonate  and 

C^^-glueose under l ig h t and dark  conditions*  R esu lts shewed C*** inco r­

p o ra tio n  p a tte rn s  in to  th e  g a lae to se  a sso c ia te d  w ith  c h lo ro p la s t i n w i l t f  

l ip id s .

The Inco rp o ra tio n  o f th re e  su b s tra te s  in to  a  s ta b le  lan e  l i a r  

compound* galactose*  ty  is o la te d  c h lo ro p la s ts  in d ic a te s  th a t a  g ly c o ly tic  

cy cle  o r an analogous system  i s  p resen t in  c h lo ro p la s ts . This p o te n tia l 

fo r  an o x id ativ e  pathway i s  fu r th e r  evidence th a t  c h lo ro p la s ts  were once 

autonomous organism s.
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