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An a t t emp t  was made to visualize the site of adenosine t r iphosphatase  activity by incubating 
the d iaphragm with and wi thout  added ATP in the presence of o.ooi M lead acetate (which did 
not  inhibit the reaction). After washing with water  and immersing the tissue in 1% sodium 
sulfide solution (to convert  the precipitate of lead phospha te  formed at the site of hydrolysis 
to the readily visible lead sulfide), the control d iaphragm showed deposits of lead sulfide only 
at  the cut edges while the d iaphragm incubated in the presence of ATP showed marked deposits 
of lead sulfide conforming mainly to the outline of the muscle bundles at  the surface of the tissue. 

The John Herr Musser Department o/Research Medicine, School o/Medicine, JULIAN B. MARSH* 
University o/Pennsylvania, Philadelphia, Pa. (U.S.A .) NIELS HAUGAARD** 

1 A. ROTHSTEIN AND R. C. MEIER, J. Cellular Comp. Physiol., 32 (I948) 77. 
A. ROTHSTEIN AND R. C. MEIER, J. Cellular Comp. Physiol., 34 (1949) 97- 

a A. ROTHSTEIN, R. C. MEIER AND T. G. SCHARFF, Am. J. Physiol., 173 (1953) 41. 
4 R. LEVlNE, M. GOLDSTEIN, S. KLEIN AND B. HUDDLESTUN, J. Biol. Chem., 179 (1949) 985 . 
5 W. C. STADIE, •. HAUGAARD, A. G. HILLS AND j .  B. MARSH, Am. J. 2IIed. Sci., 218 (1949) 265. 
6 W. N. SHAW AND W. C. STADIE, Federation Proc., 15 (t956) 353. 
7 A. L. LEItNINGER, Harvey Lectures, 49 (195.5) 176. 
8 K. L. ZIERLER, Am. J. Physiol., 185 (1956) I. 

Received October I5th,  i956 

* Present  address, Depar tmen t s  of Biochemistry, Graduate  School of Medicine and School of 
Medicine, Universi ty of Pennsylvania,  Philadelphia. 

** Present  address, Depa r tmen t  of Pharmacology,  School of Medicine, Universi ty of Pennsyl- 
vania, Philadelphia. 

Further studies on the formation of ascorbic acid in plants 

Tracer  studies 1-5 on the ur inary  L-ascorbic acid recovered from rats  administered 14C-labeled 
D-glucose have led to the following proposed pa t hw ay  of conversion: 

D-glucose --+ D-glucuronolactone -I-> L-gulonolactone --+ L-ascorbic acid. 

Non-isotopic experiments~, 7 on animals (normal rat) and plants  (cress seedling) with various 
postula ted intermediates led to similar conclnsions. The latter studies also proposed an analogous 
p a t h w a y  for the part icipation of D-galactose: 

D-galactose --+ D-galacturonate ~ L-galactonolactone ---+ L-ascorbic acid. 

A s tudy 8 of the conversion of D-glucose-i-14C into L-ascorbic acid in the ripening s t rawberry  
led to the discovery tha t  unlike the 14C exper iments  involving the rat=,4, 5, no inversion occurred 
in the location of label in the ascorbic acid; t ha t  is, in the s t rawberry,  carbon-i  of D-glucose 
became carbon- i  of L-ascorbic acid, in cont ras t  to the pa th  of conversion in the ra t  where carbon- i  
of D-glucose became carbon-6 of L-ascorbic acid. 

In  view of the observat ions 7 relating the p a t h w a y  of ascorbic acid format ion in plants  and 
animals, it became a mat te r  of interest  to learn whether  the s t rawber ry  results represented a 
unique or possibly an al ternative pa thway,  or whether  the observat ion was representat ive of 
the normal  pa th  of ascorbic acid format ion in plants.  For  this reason, exper iments  similar to 
those employing strawberries fed with D-glucose-I-14C were conducted with cress seedlings 
(Lepidum salivum). In  a prel iminary study,  etiolated seedlings, about  44 hours  old, were separated 
from their testas and part ial ly immersed in a o.I ~o D-glucose -t-14C SOlUtion (6.1 /*C) for 33 hours.  
After an additional i7 hours  in distilled water, the etiolated seedlings were ground up in boiling 
water, cooled, and centrifuged free of insolubles. The ascorbic acid was recovered as previously 
described s. After three crystallizations from glacial acetic acid, the ascorbic acid contained 47 ° 
c.p.m./mmole.  Carbon-I  (by decarboxylation) contained 30o c .p .m. /mmole as ascorbic acid. Ap- 
parently,  64 % of the counts  were in carbon- i .  

In  order to confirm this observation,  a second exper iment  was performed. Sterile technique 
was observed as closely as was practical. The seeds (250) were given a prel iminary five-minute 
soak in sa tura ted  calcium hypochlori te  followed by several rinses with sterile distilled water.  
The etiolated seedlings were germinated 2ver a period of 66 hours  and then treated (without 
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Carbon 

T A B L E  I 

R A D I O A C T I V I T Y  OF V A R I O U S  C A R B O N S  

IN L - A S C O R B I C  ACID F R O M  

I ) - G L U C O S E - I - 1 4 ( ]  L A B E L E D  C R E S S  S E E D L I N G S  

(Sol id-sample-count ing  method)  

Activity in c.p.m.:mmoh' c~[ ascorbic acid 

Carbon 
(The values in brackets ore the observed 

c.p.m, above background/or each sample7 

1 

1 @ 2  

3 
4 + 5  
6 

rst Crop end Crop 

4 .-'0 (9)* 
5oo(48) ** 420(39)** 

4 ° (3) 30 (2) 
7 ° (3) J l o  (3) 

12o (6) I2O (7) 

* Sample  d i lu ted  an  add i t iona l  2.5 t imes  
wi th  car r ie r  pr ior  to  deca rboxy la t ion .  

** Counted  as ca lc ium oxala te .  

T A B L E  I I  

R A D I O A C T I V I T Y  OF V A R I O U S  C A R B O N S  

IN L - A S C O R B I C  A C I D  FROM 

D-GLUCOSE-I-14(" LABELED CRESS SEEDLINGS 

(Gas-phase-count ing  method)  

Activity 

c.p.m, mg carbon c.p.m, mmoles o/ 
ascorbic acid 

I 194 2,330 
I + 2 102 2,450 
3 7 80 
4 + 5  4 IOO 
6 45 54 ° 

Sum 3,17 ° 

I + 2 + 3 + 4 + 5 + 6 "  3,240 

* \~Tet combus t ion .  

d i s t u rb ing  the  seedlings) wi th  5.9 pc  of a o. i % D-glucose-i-14C solut ion t h a t  had  been au toc laved  
for five minutes .  Af ter  an add i t i ona l  47 hours  a t  room t empera tu re ,  the  seedlings were ha rves t ed  
free of t e s t i s  and  washed  several  t imes  un t i l  t he  a c t i v i t y  of the  wash  fell to a low value.  The 
ascorbie  acid was  separa ted ,  d i lu ted  wi th  carrier,  and  c rys ta l l i zed  from m e t h a n o l - e t h y l  e ther  and  
then from glacia l  acet ic  acid. Two successive crops of c rys ta l s  were degraded.  The BaCO 3 or 
oxa l a t e  p rec ip i t a t e  of each f ract ion was p repared  as p rev ious ly  descr ibed 8, and  counted  for a 
suff ic ient ly  long t ime  in a m e t h a n e  end-window propor t iona l  counte r  to  d i s t inguish  2 c.p.m, above  
backg round  wi th  a precis ion of :V I e.p.m. The resul ts  are g iven in Table  I. In  addi t ion ,  the  
BaCO 3 and  oxa la t e  samples  from the  second crop deg rada t ion  were conver ted  to CO s and  counted  
us ing  the  more  sens i t ive  m e t h a n e  p ropor t iona l  gas -phase -coun t ing  me thod  of BERNSTEIN .aND 
BALLENTINE 9. These resul t s  are summar i zed  in Table  I I .  

The resul t s  from Table  I I  show t h a t  73% of the  t o t a l  a c t i v i t y  of the  ascorbic acid from 
the  cress seedl ings was  located in ca rbon- i .  Ano the r  i/~ o//o was  found in carbon-6. This p a t t e r n  
of l abe l ing  is s imi la r  to  t h a t  found in r ipen ing  s t rawber r ies  s and  is mos t  eas i ly  in te rp re ted  as 
ev idence  t h a t  the  cress seedl ing also conver t s  D-glucose-i-i4C to L-ascorbic acid w i t h o u t  c leavage 
of t he  carbon chain  and in such a w a y  t h a t  the  a ldehyd ic  carbon of glucose becomes the  ca rboxyl  
ca rbon  of ascorbic  acid. 

The p resen t  results ,  t oge the r  wi th  those p rev ious ly  presented  for the  s t rawber ry ,  s t rong ly  
suggest  t h a t  ascorbic acid fo rmat ion  in p l an t s  di t ters  cons iderab ly  from the  p a t h w a y  found in 
the  rat .  A l though  i t  is t e m p t i n g  to specula te  upon the  na tu re  of the  p a t h w a y  involved  in th is  
synthes is ,  ne i ther  the  sequence of reac t ions  nor the  n u m b e r  of s teps  invo lved  are known.  F u r t h e r  
s tud ies  concerning these  processes are in progress  in this  L a b o r a t o r y  and will  be repor ted  from 
t ime  to  t ime.  
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