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Distribution data 
Table I (b) shows that  the activity of a homogenate resided almost entirely in the 

supernatant fraction. Other experiments summarized in Table I (c) again show that  
there is relatively little activity in the nuclear fraction as now prepared. This con- 
clusion has been confirmed in further experiments (performed at the suggestion of 
Dr. V. R. POTTER;  not tabulated) in which it was sought to damage the nuclei, by 
freezing or by  exposure to distilled water. 

The finding that activity is particularly high in supernatant fractions and low in 
nuclear fractions is not necessarily incompatible with the above-mentioned experi- 
ments z-4, which were essentially qualitative in character and in which large amounts 
of catabolic products, such as UMP, were found. However, in view of the failure of 
MILLS and collaborators z to find pyrophosphorolysis of UDP-glucose to UTP with 
supernatant fractions, the possibility cannot be ruled out that there may be an enzyme 
which can form UDP-glucose from UTP but not UTP from UDP-ghicose, as may be 
the case with the formation of UDP-acetylglucosamineflrom UTP 4. A further possibility 
is that  a uridine compound other than UTP is also capable of acting as a uridyl donor, 
as suggested by  the finding i° that shortly after injection of labelled orotic acid the 
labelling of UTP may be lower than that  of UDP-glucose. 
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On the microsomal and soluble lactonases 

It  is now clearly established that L-ascorbic acid is synthesized from D-glucuronic acid 
or D-glucuronolactone in animal tissues. Synthesis of ascorbic acid via L-gulonic acid 
and 3-keto-L-gulonic acid was proposed by  LEHNINGER and his co-workers i-3. They 

Abbrev i a t i ons :  D P N  and  T P N ,  di- and  t r i -phosphopyr id ine  nucleot ide ;  ATP,  adenos ine  
t r i phospha t e .  
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demons t ra t ed  the  synthesis  of L-ascorbic acid from L-gulonic acid using ex t rac t s  of 
the l iver  of some mammals  and  ex t rac t s  of av ian  kidney,  in the  presence of D P N  
and Mn ++. However ,  in man,  the  monkey  and the guinea pig, ascorbic acid could not  
be synthes ized in the  same sys tem,  a l though,  D P N -  and  TPN-specif ic  L-gulonic acid  
dehydrogenases  are widely  d i s t r ibu ted  in the  l iver and  k idney  of the  animals  so far 
t es ted  and  are not  specific to organs or species synthes iz ing ascorbic  acid. The specific 
deficiency of an enzyme or enzyme sys tem in the  man,  monkey,  and  guinea pig has 
not  h i the r to  been demons t ra ted .  

The specific absence and  a b n o r m a l i t y  of an enzyme lactonase  in these animals  is 
herein descr ibed and  i ts  possible role in ascorbic acid biosynthesis  is discussed. 

The enzymic  hydrolys is  of B-glucuronolactone and L-gulonolactone was previous ly  
descr ibed b y  HASSAN AND LEHNINGER in ra t - l iver  ex t rac t s  1. Studies  in this  l a bo ra to ry  
on the  d i s t r ibu t ion  of lactonase  a c t i v i t y  in cell f ract ions showed the presence of two 
dis t inct  lactonases,  t en t a t i ve ly  named  lac tonase- I  and  - I I  for soluble and microsomal  
fractions,  respect ively.  These two enzymes differ in the i r  subs t r a t e  specifici ty and 
alkal i  labi l i ty .  Lac tonase- I  has been pa r t i a l l y  purif ied f rom beef-l iver acetone powder  4. 
This enzyme shows ra ther  b road  subs t r a t e  specifici ty (Table I), whereas l ac tonase - I I  
does not  act  on D- and  L-gulonolactone, D-mannonolactone,  L-galactonolactone,  and  
D-glucono- 3-1actone. 

TABLE I 

SUBSTRATIg SPECIFICITY OF LACTONASE-I 

Subst~ate (7-lactose) Activity (%) Substrate (7-la~tone) Activity (%) 

L-Gulono- IOO D-Glucurono- 3 I 
D-Gulono- 278 D-Idono- o 
L-Galactono- 139 D-Glucono-6- 4 ° 
D-Galactono- 16o D-Glucuronic acid, 
L-Glucono- 2o ethyl ester o 
D-Glucono- 19o Triacetin o 
D-Mannono- 31 Glycerophosphate o 
D-Mannurono- 75 

Lactonase activity was measured manometrically as CO, output from NaHCO s buffer 
(pH 7.2). Each flask contained o. 4 ml o.I M NaHCO v o.I ml o.i M MgSO 4, 0.3 ml IO -3 M 
glutgthione, and I.O ml of enzyme solution in the main chamber, and 3 ° /~moles of lactone in 
0. 3 ml of water in the side arm; total vol., 3.0 ml; gas phase, 6% CO 2, 94% Nv The reaction was 
started by tipping in the substrate after temperature equilibration to 37 °. 

These findings, showing the d ive r s i ty  and ra the r  complex features of lactone 
hydrolysis ,  were in teres t ing  in connect ion wi th  the  p rob lem of ascorbic acid  bio- 
synthesis ,  and  fur ther  s tudies  on the  d i s t rubu t ion  of these two lactonases  in a va r i e ty  
of animals  were made.  The results  of such an examina t ion  are summar ized  in Table  II,  
from which the following conclusions m a y  be drawn.  (i) The presence of the  lactonases  
was shown in m a m m a l i a n  l iver  and  av ian  kidney.  (if) Lac tonase - I I  was present  in all 
the  species tes ted.  (iii) Lac tonase- I  was found only  in those organs in which L-ascorbic 
acid  could be synthes ized  f rom L-gulonic acid.  The  l iver  of man  and  m o n k e y  comple te ly  
lacked this  enzyme.  In  the  case of the  pigeon, i t  was found in the  k idney,  bu t  not  in 
the  liver. (iv) The guinea-pig  l iver  was pecul iar  in tha t ,  a l though lactonase  was 
present  in the  supe rna t an t  fract ion,  i ts  subs t r a t e  specif ici ty was different f rom t h a t  of 
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TABLE II  

DISTRIBUTION OF LACTONASES 

255 

Species Tissue 
Mitochondria Microsomes Supernatant 

D-glucurono- L-gulono- D-glucurono- L-gSlOttO- D-glucuro~o- L-g~lo?$O- 

Ox liver o o i I. 8 o 9 ° 277 
Ra t  liver o o 6 o 80 263 
Rabb i t  liver o o 15.o o 26 63 

kidney o o o o o o 
Pigeon liver o o o o o o 

kidney o o I. I 2.4 35 12o 
Guinea pig liver o.6 o 5.6 o 56 67 
Monkey * liver o o o. 6 o o o 
Man liver o o 6.2 o o o 

Conditions as Table I. All activities are expressed as /~moles lactone hydrolysed/i  g wet tissue 
during the initial i o min. Each cell fraction was prepared according to SCHNEIDER AND HOGEBOOM ?. 
Owing to the alkali lability of the microsomal enzyme, the microsomal suspension was added to the 
reaction mixture immediately before the gas exchange. 

* Maccac ]uscata Y. 

t h e  u s u a l  l a c t o n a s e - I .  I , - G u l o n o l a c t o n e  a n d  D - g l u c u r o n o l a c t o n e  we re  h y d r o l y z e d  a t  

a l m o s t  t h e  s a m e  r a t e .  T h u s ,  t h e  g u i n e a - p i g - l i v e r  l a c t o n a s e  a c t s  m o r e  s lugg i sh ly  o n  

L - g u l o n o l a c t o n e  t h a n  t h e  u s u a l  l a c t o n a s e - I .  

T h e s e  r e s u l t s  s u g g e s t  t h a t  l a c t o n a s e - I  h a s  a n  i m p o r t a n t  ro le  in  a s c o r b i c  ac id  

b i o s y n t h e s i s .  O t h e r  s t u d i e s  in  t h i s  l a b o r a t o r y  w i t h  pu r i f i ed  D P N - l i n k e d  L-gulonic  ac id  

d e h y d r o g e n a s e  f r o m  g u i n e a - p i g  l i ve r  f a i l ed  to  s h o w  t h e  f o r m a t i o n  of 3 - k e t o g u l o n i c  

ac id  as  t h e  r e a c t i o n  p r o d u c t  5. T h e  d e c a r b o x y l a t i o n  of t h e  p r o p o s e d  k e t o h e x o n i c  ac id  

c o u l d  n o t  b e  s e p a r a t e d  f r o m  t h e  d e h y d r o g e n a s e  a c t i v i t y .  O n  t h e  o t h e r  h a n d ,  BURNS 

r e p o r t e d  t h a t  r a t - l i v e r  m i c r o s o m e s  c o n v e r t e d  L - g u l o n o l a c t o n e  to  L-ascorb ic  ac id  w i t h  

c o n s i d e r a b l e  ef f ic iency 6, a n d  t h e  p r e s e n c e  of a n  e n z y m e  w h i c h  a c t e d  only o n  g u l o n o -  

l a c t o n e  in  t h e  p r e s e n c e  of 2 , 6 - d i c h l o r o p h e n o l i n d o p h e n o l  w a s  also f o u n d  in  t h i s  

l a b o r a t o r y .  B e c a u s e  t h e  r e v e r s a l  of t h e  l a c t o n a s e  r e a c t i o n  was  d e m o n s t r a t e d  to  s o m e  

e x t e n t  w i t h  L-gulonic  acid ,  t h e  a b o v e  r e s u l t s  m i g h t  sugges t  t h a t  L - g u l o n o l a c t o n e  is t h e  

m o s t  p r o b a b l e  i m m e d i a t e  p r e c u r s o r  of  a s c o r b i c  acid .  F u r t h e r  s t u d i e s  of l a c t o n i z a t i o n  

a n d  i t s  p h y s i o l o g i c a l  s ign i f i cance  a re  n o w  u n d e r  i n v e s t i g a t i o n .  

W e  wi sh  to  a c k n o w l e d g e  t h e  t e c h n i c a l  a s s i s t a n c e  of  Dr .  Y.  KAGAWA of ou r  

d e p a r t m e n t .  
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