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S U M M A R Y  

A potato p l a n t  has been grown i n  a closed chamber with C02 

enriched t o  a leve l  of 31 a t .  X i n  13C as  the sole source of 

carbon. In 60 days the plant produced 1,684 g of tubers labeled 
k t h  29 a t .  % 13C. Of the carbon f i xed  by the potato plant appro- 
-.rimately 70% was found i n  the tubers whi1.e 30% oas found i n  the  
tops and roots .  Recovered starch granules consti tuted 10% of the 
fresh weight o f  these tubers. A 16% y ie ld  of glucose was obtained, 
based on a l l  of the carbon dioxide used. Distribution of the  l 3 C  

label among the s i x  species of carbon atoms i n  starch appears t o  
be nearly uniform. The plant and tubers were indistinguishable 
from those grown on normal isotoTic C02 indicating no gross iso- 
-tope e f f e c t  a t  t h i s  level of I 3 C  enrt:chment. 

I NT RO D U C T  I O N  

Recent developments now make available unprecedented 
quantities of carbon highly enriched in the 13C isotope at a 
fraction of the previous cost .lt2 
syntheses starting with carbon monoxide enriched in 1 3 C  are 
being performec? to Frovi.de compounds f o r  use in the biological, 

Chemical modifications and 
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p h y s i c a l ,  and environmental  s c i e n c e s .  The n u c l e a r  s p i n  and 
s t a b i l i t y  o f  t h e  1 3 C  nuc leus  make t h i s  i s o t o p e  u s e f u l  as a 
tracer and i n  s t r u c t u r a l  e l u c i d a t i o n s  by magnetic resonance 
techniques .  

by b i o s y n t h e s i s 3  i s  a p o t e n t i a l  fe rmentable  carbon source  f o r  
microorganisms as w e l l  as a s t a r t i n g  material f o r  s y n t h e s i s  
o f  o t h e r  carbohydra tes .*  The b i o s y n t h e s i s  o f  uniformly 
l a b e l e d  D-glucose can b e  accomplished by growing t h e  p o t a t o ,  
Solanum tuberosum, v a r .  Sebago, on 1 3 C  e n r i c h e d  carbon d i o x i d e  
as t h e  s o l e  carbon source .  No r e f e r e n c e  w a s  found i n  t h e  
l i t e r a t u r e  i n  which p o t a t o e s  formed t u b e r s  w i t h i n  a c l o s e d  
system as r e p o r t e d  i n  this work. The tubers of  t h i s  p l a n t  w i l l  
s t o r e  D-glucose i n  polymeric  form as s t a r c h  g r a n u l e s  which are 
e a s i l y  i s o l a t e d  and can b e  a c i d  hydrolyzed to the d e s i r e d  mono- 
meric form. 

Uniformly l a b e l e d  D-glucose, which i s  r e a d i l y  o b t a i n e d  

P h o t o s y n t h e t i c  carbon d i o x i d e  f i x a t i o n  i n t o  carbohydra te  
i s  accomplished by the r i b u l o s e  1, 5-diphosphate carboxylase  
r e a c t i o n .  This  i s  p a r t  of  a c y c l i c  pathway involv ing  t r a n s k e t -  
o l a t i o n s  and t r a n s o l d o l a t i o n s  i n  which a carbon atom from 
f i x e d  C 0 2  can be  i n c o r p o r a t e d  i n t o  t h e  C-3 o r  C-4 atoms of 
f r u c t o s e  6-phosphate d u r i n g  t h e  f i r s t  cyc le .  One-f i f th  of  t h e  
f r u c t o s e  6-phosphate is a v a i l a b l e  f o r  d i v e r s i o n  i n t o  s t a r c h ,  
w h i l e  t h e  remainder i s  r e c y c l e d  back i n t o  r i b u l o s e  1, 
5-diphosphate c o n t a i n i n g  i n i t i a l l y  f i x e d  C02  i n  t h e  C-1, C-2, 

and C-3 carbon atoms. 
carbon atoms o f  f r u c t o s e  6-phosphate and t h e r e f o r e  a l l  carbon 
p o s i t i o n s  o f  s t a r c h  as e a r l y  as t h e  second c y c l e .  Once t h e  
p h o t o s y n t h e t i c  C 0 2  f i x a t i o n  system i s  i n  an e q u i l i b r i u m  environ-  
ment o f  an i s o t o p i c  C 0 2  mix ture ,  a r a p i d  e q u i l i b r i u m  o f  i s o t o p i c  
carbon i n c o r p o r a t i o n  i n t o  s t a r c h  can be a n t i c i p a t e d .  

Thus, f i x e d  C 0 2  w i l l  appear  i n  a l l  

EXPERIMENTAL 

The growth chamber w a s  assembled from two s t a i n l e s s  s tee l  
glove boxes p laced  end t o  end. The o v e r a l l  chamber w a s  approx- 
imate ly  two meters long ,  one meter h igh  and averaged one 

*Dr. 8 .  M. Tolbert of the University of Colorado i s  using the 13C labeled 
starch granules as s tart ing  material for the synthesis of ascorbic acid.  
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hal f  meter wide: it w a s  f i t t e d  with two 90 cm by 90 c m  by 6 m 
l u c i t e  f r o n t  windows and two 90 an by 30 cm by 6 mm l u c i t e  top  
windows. The p l an t s  were i l lumina ted  from the  e x t e r i o r  with 
twelve Sylvania cool whi te ,  very high output ,  f l uo rescen t  
lamps 193 cm i n  length.  Additional i l lumina t ion  was provided 
by e i g h t  40 W incandescent bulbs loca ted  above t h e  top windows. 
The l i g h t  i n t e n s i t y  a t  the  po ta to  p l a n t  measured about 5,000 f c .  
A photograph of the  chamber with the f r o n t  l i g h t s  r a i sed  is  
shown i n  Fig. 1. 

r e f r i g e r a t i o n  u n i t  made from an automobile a i r  conditioner.  
During each 2 4  hour per iod  the  l i g h t s  were on f o r  1 2  hours 
with the  temperature a t  21OC and o f f  f o r  1 2  hours with the  
temperature a t  13OC. 

The carbon dioxide was supplied t o  t h e  growth chamber 
from a 250 cm cyl inder  containing 150 g of carbon d ioxide  
labe led  t o  31 at.% 1 3 C  ( a  f a c t o r  of 2 8  above the  normal 1.1 a t .% 
1 3 C ) .  

The temperature wi th in  the  chamber w a s  con t ro l l ed  by a 

3 

The cy l inder  w a s  r e f i l l e d  every 10  t o  20 days. 
The C02 l e v e l  w a s  con t ro l l ed  a t  850 ppm 2 30 ppm. A 

por t ion  of t h e  atmosphere from the  chamber was c i r c u l a t e d  
through a Beckman 315A In f ra red  Analyzer. The s i g n a l  from the  
analyzer was t ransmi t ted  t o  a recorder -cont ro l le r  which i n  
tu rn  opened a solenoid valve when the carbon dioxide l e v e l  
dropped below the  des i r ed  concent ra t ion ,  thus  r e tu rn ing  t h e  
carbon d ioxide  l eve l  t o  850 ppm. 

A 15  cm high po ta to  p l a n t  which had been growing i n  a 
greenhouse f o r  31 days was chosen as the  s t a r t i n g  ma te r i a l  f o r  
the  13C l abe l ing  experiment. The p l a n t  was contained i n  an 

8 l i t e r  p l a s t i c  vessel** f i l l e d  with 60 mesh vermicul i te .  
Once each day 4 l i ters of complete n u t r i e n t  so lu t ion '  were 
pumped i n t o  the  conta iner .  This so lu t ion  drained t o  a reser -  
v o i r  below t h e  p l a s t i c  ves se l  which contained 2 0  l i ters of 
n u t r i e n t  so lu t ion .  The n u t r i e n t  so lu t ion  was changed weekly 
by means of ex te rna l  connectors. 

**In la ter  experiments metal containers have been used to prevent ruptur- 
ing of the container during tuberization. 
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Fig.  1 Photograph o f  Growth Chamber 

A p u r i f i c a t i o n  colunn 15 c m  i n  d i a m e t e r  and 1 2 0  CP lonq 

w i t h  one 6 0  c m  s e c t i o n  of a c t i v a t e d  carbon and another  6C CIT. 

s e c t i o n  of  K M n 0 4  on  P.l20; 

A pump also l o c a t e d  w i t h i n  t h e  chamber c i r c u l a t e c ?  t h e  atmos- 
phere through t h e  column a t  30 l iters p e r  minute. 

*** 
w a s  p laced  i n s i d e  t h e  chamber. 

Growth and t u b e r i z a t i o n  o €  t h e  p o t a t o  p l a n t  appeared 

normal. A f t e r  1 4  days i n  t h e  growth chamber t h e  v i c e  had 

grown t o  45 CIT.. The l e a v e s  and blossoms w e r e  t y ? i r a l  of  a 

h e a l t h y  p o t a t o  p l a n t .  

days a f t e r  t h e  13C carbon d i o x i d e  ad8i t ior .  had begun. 
One t u b e r  w i t h  a w e t  weight  of 1 2 6  g ):as harvestcc '  4 3  

F cen- 

'*'TraCe name - Furafil, obtained frcm r .  F. Burroughs and R S S O C . ,  IK., 
F .  ?. Box 80432, Charnblcc, Cecrqia 30341 .  
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t ra l  core was s e c t i o n e d  i n t o  e i g h t  one c e n t i m e t e r  p i e c e s  
which were analyzed f o r  1 3 C  c o n t e n t .  The r e s u l t s  are shown i n  
Fig. 2. The remaining t u b e r s  were h a r v e s t e d  80 days  a f t e r  t h e  

1 3 C  carbon d i o x i d e  a d d i t i o n  had begun. 
s e c t i o n s  from one of these t u b e r s  v a r i e d  randomly from 28.2 t o  
30.2 at .% 13C and averaged 29.2 a t .% I3C. 
t u b e r s  was 1,684 g f r e s h  weight .  The v i n e s  and r o o t s  had a 
f r e s h  weight  of 1,340 g. D i s t r i b u t i o n  of f i x e d  carbon based 
on e lementa l  a n a l y s i s  of  lyophyl ized  samples was a s  f o l l o w s :  
6 7 %  i n  the t u b e r s ,  29% i n  the v i n e s  and r o o t s  and 4% l o s t  i n  
the n u t r i e n t  s o l u t i o n .  

were sampled each week a f t e r  t h e  a d d i t i o n  of t h e  I 3 C  l a b e l e d  
carbon d i o x i d e  had begun. These r e s u l t s  are g i v e n  i n  F i g s .  3 
and 4 .  

S t a r c h  w a s  i s o l a t e d  by the method o f  S ~ h o c h . ~  P o t a t o  
t u b e r s  weighing 1 ,451  g were s l i c e d  i n t o  small p i e c e s  and 
homogenized i n  a v a r i a b l e  speed Waring Blender  w i t h  2 m l  water 
p e r  gram o f  f r e s h  weight .  I n i t i a l  homogenization w a s  f o r  f i v e  
minutes  us ing  a low rotor speed ,  fol lowed by f i l t r a t i o n  
through f o u r  l a y e r s  o f  cheesec lo th .  E x t r a c t i o n  o f  t h e  r e s i d u e  
wi th  water us ing  t h i s  procedure was r e p e a t e d  f o u r  times, 
i n c r e a s i n g  t h e  r o t o r  speed w i t h  each homogenization. 

F i l t r a t i o n  of the f i n a l  homogenate l e f t  a r e s i d u e  o f  
f i b r o u s ,  water - inso luble  m a t e r i a l .  The f i l t r a t e s  from the 
e x t r a c t i o n s  were pooled and the s t a r c h  g r a n u l e s  a l lowed t o  
set t le  o u t .  N o s t  of  the g r a n u l e s  s e t t l e d  w i t h i n  an hour  b u t  
t h e  recovery w a s  i n c r e a s e d  15% by a l lowing  the f i l t r a t e  t o  
s t a n d  overn ight .  This  procedure s e p a r a t e d  t h e  f i l t r a t e  i n t o  
a s t a r c h  g r a n u l e  f r a c t i o n  and a water -so luble  f r a c t i o n .  The 
water -so luble  f r a c t i o n ,  which c o n t a i n s  t h e  monomeric and l o w  
molecular  weight  polymers o f  D-glucose, w a s  decanted  from 
t h e  s t a r c h  g r a n u l e  sediment ,  c o n c e n t r a t e d  under vacuum a t  40°C 
and f reeze-dr ied .  T h i s  f r a c t i o n  weighed 32 g and from enzymatic  
a n a l y s i s  conta ined  1 4  g of g l u c o s e ,  averaging  29.3 a t .% 13C. 

Anlays is  of  1 4  s m a l l  

The t o t a l  y i e l d  o f  

The growth chamber atmosphere and the p o t a t o  p l a n t  leaves 

The s t a r c h  g r a n u l e  f r a c t i o n  w a s  resuspended i n  water and 
f i l t e r e d  through f o u r  l a y e r s  o f  c h e e s e c l o t h .  
g r a n u l e s  i n  t h e  f i l t r a t e  had s e t t l e d ,  t h e  washing procedure 

A f t e r  the 
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Fig. 4. Variation of 13c in potato leaves with time. 

was repeated with water followed by methanol. 
granules were suspended in methanol, collected on Whatman 12 
filter paper, and dried by vacuum for 10 minutes. The granules 
weighel 145 g and from enzymatic analysis contained 88 g of 
glucose averaging 28.6 at.% 13C. 

A total of 1,087 g of 13C labeled C02 was used in the 
experiment including an estimated 260 g lost due to a leak 
in the pressure reducing system. Taking into account that 
starch granules were isolated from only 1,451 g of the tubers 
harvested, this represents a 16% yield of glucose from the 
granules and the water-soluble fraction. 

The washed 

Carbon isotope comporitions were obtained by wet ashing 
samples to C02 for mass spectroscopy. 
nuclear magnetic resonance spectra were obtained at 25.2 mHz 
on a Varian XL-100 spectrometer interfaced to a Data General 
Supernova computer using the Fourier transform mode. Free 
induction decays of 40 usec rf pulses were accumulated as 
8,192 data points in the time domain and transformed into 
4,096 points in the frequency domain. Tho field was stabilized 

Proton decoupled I3C 
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using the  deuterium resonance of D2C as a lock. 
s h i f t s  have been determined r e l a t i v e  t o  ex te rna l  methanol. 

Chemical 

A 0 . 2  g sample of s t a rch  granules was boi led  i n  10 m l  of 
D20 and t r ans fe r r ed  t o  an NMR tube. 
a n t  g e l  w a s  used d i r e c t l y  f o r  NMR ana lys i s .  
of the  s t a r c h  granule f r a c t i o n  is given i n  Fig. 5 ,  A. 

suspended i n  8 ml of 0 . 1  N H2SOq and autoclaved under pressure  
a t  1 2 O O C  f o r  60 minutes. The hydrolyzed so lu t ion  was neu- 
t r a l i z e d  with Ba(OHI2 t o  p r e c i p i t a t e  the  s u l f a t e  anion as 
BaS04, leaving an aqueous so lu t ion  of D-glucose. 
t i o n  was d i l u t e d  wi th  an equal volume of D20 f o r  nuclear 
magnetic resonance ana lys i s .  This spectrum i s  i l l u s t r a t e d  
i n  Fig. 5 ,  B. 

After  cooling, t he  r e s u l t -  
The NMR spectrum 

A 2 . 0  g sample of t he  d r i ed  s t a r c h  granule f r a c t i o n  was 

This solu- 

DISCUSSION 

A 31 day o ld  p l a n t  was used a s  a s t a r t i n g  po in t  f o r  t he  
experiment i n  order  t.o minimize the  time necessary t o  obta in  
tubers  while s t i l l  achieving the  degree of l abe l ing  necessary 
f o r  subsequently planned NMR and t r a c e r  s tud ie s .  Although an 
e f f o r t  w a s  made to  purge the box and p u r i f i c a t i o n  column of 
normal i s o t o p i c  abundance C 0 2 ,  the  13C l e v e l  i n  the  box d id  
not  a t t a i n  t h a t  of t he  carbon dioxide supply u n t i l  a f t e r  30 
days (Fig.  3 ) .  

days of 13C carbon d ioxide  add i t ion ,  ind ica ted  a lower 13C 

content a t  the end oppos i te  t he  s t e m  (Fig. 2 ) .  I t  i s  possi-  
b l e  t h a t  s t a r c h  i n  t h i s  region of t he  tuber was formed before  
the  atmosphere of the  box had reached the  maximum 30 - 31 a t . %  
13C l eve l .  
conten t  i n  the  tubers harvested could be  supporting evidence 
f o r  the  mobili ty of carbohydrates wi th in  a po ta to  tube r .6 r7  
However, even those  tubers harvested a t  t he  end of the  experi-  
ment ( 2 9 . 2  a t .%)  d id  not  reach the  13C conten t  of t h e  carbon 
dioxide supply (31  a t . % ) .  This could be due i n  p a r t  t o  the 
12c present  when the  experiment s t a r t e d  (Fig.  3 ) .  
As shown i n  Fig. 4 ,  t he  po ta to  v ine  d id  not  reach equilibrium 

13C ana lys i s  of t h e  f i r s t  t ube r ,  harvested a f t e r  4 3  

After  an add i t iona l  37 days, uniformity of 13C 
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w i t h  t h e  carbon d i o x i d e  supply ,  and this might  be  expec ted  t o  
c o n t r i b u t e  t o  t h e  lower 1 3 C  i n  t h e  tubers. 

C-2,3,5 - c-I A. 

8. 
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Fig .  5 .  13C hmR s p e c t r a  of s t a r c h  g r a n u l e  d e r i v a t i v e s  

(A)  S t a r c h  g e l  i n  D20, from 1 ,000  p u l s e s  

(B) Hydrolyzed s t a r c h  g r a n u l e s  i n  50% D20, 
from 500 p u l s e s  

The f i r s t  p o t a t o  p l a n t s  grown i n  t h e  s e a l e d  chamber w i t h  
normal i s o t o p i c  carbon d i o x i d e  grew p o o r l y  and f a i l e d  t o  pro- 
duce t u b e r s .  S ince  growth r e t u r n e d  t o  normal when the chamber 
w a s  v e n t i l a t e d  w i t h  o u t s i d e  a i r ,  accumulat ion of  some t o x i c  
subs tance  was suspec ted .  Ethylene  w a s  d e t e c t e d  a t  5 8  ppb i n  
t h e  atmosphere of a s e a l e d  chamber, b u t  proof  t h a t  it i s  t h e  
t o x i c  a g e n t  a w a i t s  f u r t h e r  experiments .  I t  i s  p o s s i b l e  t h a t  
molds found growing on t h e  s u r f a c e  of  t h e  v e r m i c u l i t e  were t h e  
source  of e thylene .  No problems w i t h  growth or t u b e r i z a t i o n  
have been encountered s i n c e  i n s t a l l a t i o n  o f  t h e  p u r i f i c a t i o n  
column. 



452 J .  R. Buchholz, C. W.Christenson, 8. T. Eakin and 6. Fouler 

8 ,  9 ,  10 ,  11 no I n  previous s tud ie s  with a lgae  and yeas t ,  
adverse changes were observed with l abe l ing  up t o  93 at .% 
13C. 

grew and tuber ized  a t  a rate indis t inguishable  from those 
grown on normal C02.  

taneous con t ro l  w a s  provided, hence s m a l l  d i f f e rences  i n  
growth r a t e  might no t  have been de tec ted .  
t h e  tubers and p l an t s  w a s  a l s o  ind i s t ingu i shab le  from those 
containing normal 13c. 

The 13C NMR spectrum of the s t a r c h  granule  f r a c t i o n  
(Fig. 5,  A) , corresponds t o  t h a t  reported for so luble  s t a r c h  
by Dorman and Roberts'' and peak assignments are made using 
t h e i r  arguments. 
from t h i s  spectrum because of t h e  l imi t ed  concentration and 
t h e  peak broadening due t o  the  unfavorable molecular cor re la -  
t i o n  t i m e  f o r  t h e  g e l  phase. However, hydrolysis of t he  
polymeric s t a r c h  granules t o  monomeric glucose u n i t s  overcomes 
both of these  problems. Hydrolyzed s t a r c h  granules  e x h i b i t  a 
1 3 C  NMR spectrum (Fig. 5,  B) t y p i c a l  of D-glucose, cons i s t ing  
of an equilibrium mixture of t he  a and B anomers. Peak assign- 
ments based on the  arguments of Dorman and R o b e r t s 1 2 '  l3 and the  
r e l a t i v e  i n t e g r a l s  of these  peaks a r e  l i s t e d  i n  T a b l e  I. The 
l a t t e r  spectrum shows t h a t  t he  equilibrium mixture conta ins  
65.5% B anomer and 34.5% a anomer. The respec t ive  values f o r  
normal i s o t o p i c  glucose would be 63.8% B and 36.2% a as de te r -  
mined by r o t a t i o n  or 62.6% B and 3 7 . 4 %  a as  determined by 
0 ~ i d a t i o n . l ~  Due t o  experimental uncer ta in ty  the  values f o r  
a and 8 anomers of 1 3 C  enriched glucose a s  determined by NMR 
are no t  s i g n i f i c a n t l y  d i f f e r e n t  from the  values of normal 
glucose given by o ther  methods. The i n t e r n a l  d i s t r i b u t i o n  of 
1 3 C  i n  terms of r e l a t i v e  peak i n t e g r a l s  i s  17% 2 1% of the 
t o t a l  i n  C-1,  16% 2 1% i n  C-4, 16% 2 1% i n  C-6 and an average 
of 17 2 1% f o r  C-2, C-3, and C-5 which peaks were not  resolved. 
An accura te  estimate of the  ind iv idua l  carbons of t h i s  l a s t  
group i s  d i f f i c u l t  because of the  carbon-carbon sp in  s p l i t t i n g  
and the  r e l a t i v e l y  small  d i f f e rences  i n  chemical s h i f t  among 
t h e i r  resonances. 

The po ta to  p l a n t  supplied wi th  31 a t . %  13C labe led  C02  

However, i n  t he  present  work no s i m u l -  

The appearance of 

Isotope d i s t r i b u t i o n  is d i f f i c u l t  t o  a sce r t a in  
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TABLE I 

Peak Positions 
Carbon Species ern Upfield from Methanol Peak Integrals. 

-11.7 
C-6a6 -12.6 Jc-c = 41.5 Hz 32,048 

-13.3 

C-4a6 

C-2, 5a 

C-3a 

C-26 

C-3, 56 

C-la 

C - 1 6  

-20.6 
-21.5 
-22.1 

-22.8 
-23.3 
-23.7 
-24.2 
-24.6 
-25.4 
-25.6 
-26.0 
-26.5 
-26.9 
-27.7 
-28.6 

-43.0 
-43.9 J ~ - ~  = 44.9 nz 

-44.8 

31,744 

101,388 

11,954 

-46.8 
-47.7 Jc-c = 46.7 Hz 22,669 
-48.6 

Table I. Relative Abundance of 13C Within Glucose Molecules 
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Peak assignments for noncoupled carbons are based on 
arguments of Dorman and Roberts"' 7). For carbons with only 
one carbon neighbor, the coupling constants (Jc-c) are given. 
Peak integrals.are from digital integration by computer. 
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Uniform i s o t o p i c  composi t ion a t  each carbon p o s i t i o n  
is i m p o r t a n t  i f  s t a r c h  is  t o  b e  used as a carbon source  f o r  
the b i o s y n t h e s i s  o f  randomly e n r i c h e d  microorganisms or b io-  
moleculee. S i n c e  v e r y  l i t t l e  carbon metabol ism goes through a 
one carbon i n t e r n e d i a t e ,  random enrichment  r e q u i r e s  a randomly 
e n r i c h e d  s t a r t i n g  material. The NYB spectrum of  the g lucose  
o b t a i n e d  by s t a r c h  h y d r o l y s i s  (Fig.  5 ,  B) shows the 13C con- 
t e n t  o f  t h e  i n d i v i d u a l  carbon p o s i t i o n s  t o  be  similar on t h e  
b a s i s  o f  relative peak i n t e g r a l s .  Factors such as minor 
amounts of compounds other t h a n  C-glucose i n  t h e  s t a r c h  hydro- 
l y s a t e  and p o t e n t i a l  d i f f e r e n t i a l  n u c l e a r  Overhauser enhance- 
ments from p r o t o n  decoupl ing p r e v e n t  a d i r e c t  c o r r e l a t i o n  of 
relative peak i n t e g r a l  w i t h  r e l a t i v e  1 3 C  conten t .  However, 
t h e  peak i n t e g r a l  d a t a  p r e s e n t e d  i n  T a b l e  I d o  n o t  i n d i c a t e  
any s u b s t a n t i a l  nonuniformity o f  1 3 C  enrichment  among t h e  
v a r i o u s  carbon p o s i t i o n s .  

The 102 g o f  g l u c o s e  from the 1 ,451  9 o f  f r e s h  t u b e r s  is 
less t h a n  might b e  expected.  S i n c e  t h e  r e s i d u e  remaining 
a f t e r  t h e  starch e x t r a c t i o n  w a s  t o  be  u t i l i z e d  f o r  t h e  growth 
o f  microorganisms, t h e  nethod o f  s t a r c h  i s o l a t i o n  w a s  chosen 
f o r  i t s  s i m p l i c i t y .  Complete recovery  of t h e  s t a r c h  was n o t .  
a t ta ined . ’  T h i s ,  a long  w i t h  t h e  loss of C 0 2 ,  w a s  r e s p o n s i b l e  
for  t h e  r e l a t i v e l y  poor  g lucose  y i e l d  ( 1 6 % ) .  Using average  

v a l u e s  f o r  s t a r c h  found i n  p o t a t o  t u b e r s 5 ,  y i e l d s  of 40-508 

glucose  should  be  a t t a i n a b l e .  

h e r e  h a s  several advantages over  o t h e r  methods. 
W i t h  seeds  or s e e d  p i e c e s  it should  b e  p o s s i b l e  t o  a t t a i n  a 
h i g h e r  degree  of l a b e l i n g  t h a n  by p h o t o s y n t h e s i s  u s i n g  e x c i s e d  
leaves.3 A uniformly l a b e l e d  s u b s t r a t e  for t h e  growth of 

microorganisms could  b e  provided by a d i r e c t  h y d r o l y s i s  of t h e  
tubers, t h u s  s a v i n g  an i s o l a t i o n  s t e p .  An almost e n d l e s s  
v a r i e t y  of  l a b e l e d  compounds could  be  prepared  by t h i s  Ir.ethod 
s i n c e  almost any p l a n t  could  b e  grown t o  the d e s i r e d  l e v e l  o f  
l a b e l i n g .  F i n a l l y  a growth chamber lends  i t s e l f  e a s i l y  t o  
the econonics  o f  scale up; 10 t o  100 tines t h e  q u a n t i t i e s  o f  
l a b e l e d  s t a r c h  o b t a i n e d  i n  t h i s  work  cculd  be  produce6 w i t h  
the e x i s t i n g  technology.  

The method o f  b i o s y n t h e s i s  of l a b e l e d  compounds r e p o r t e d  
By s t a r t i n g  
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The growth of  p o t a t o e s  i n  a c l o s e d  system can  a l s o  b e  
used for t h e  b i o s y n t h e s i s  of  s u b s t r a t e s  low i n  13C.  Organisms 
grown on t h e s e  s u b s t r a t e s  w i l l  a lso b e  d e p l e t e d  i n  1 3 C ,  hence 
NMR methods could be  used t o  fo l low the i n c o r p o r a t i o n  i n t o  the 
organism o f  r e a d i l y  a v a i l a b l e  compounds which c o n t a i n  normal 
i s o t o p i c  "c. 

Two p o t a t o  p l a n t s  have been grown and have t u b e r i z e d  
s u c c e s s f u l l y  i n  the appara tus  d e s c r i b e d  above ue ing  a C 0 2  

supply c o n t a i n i n g  .0039 a t . %  1 3 C ,  (a f a c t o r  of  280 below the 
normal 1.1 a t .% 1 3 C ) .  This  experiment  is cont inuing;  s t a r c h  
h a s  n o t  been i s o l a t e d  and i s o t o p i c  a n a l y s i s  h a s  n o t  been com- 
p l e t e d .  
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