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On the biosynthesis of c-fucose by Aerobacter aerogenes 

L-Fucose is known to occur in a variety of microorganisms, plants  and anilnal tissues. The sugar 
is present  in the capsular  material  of bacteria t, and in certain marine algae 2. In mammal ian  
sys tems it is found as a component  of blood group substances a. In spite of its widespread oc- 
currence, practically no information has been adduced regarding its biosynthesis. 

The open-chain s t ructures  of L-fucose and l>glucose are given by (I') and (ll),  respectively'. 
I t  is apparen t  tha t  L-fucose (I) dilters from D-glucose 
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(I1) in the configuration about  C--,, (?-3 and (?-5, and 
also in the s tate  of oxidation of C-0. This report  a t t emp t s  
to delineate the 1)iosy'nthetic relationships between the 
two sugars. 

Aerobacter aerogenes, strain A3SI (ATCC i2()57), 
which is known to produce a polysaccharide containing 
L-fUcose, D-glucose, galactose, and an unknown uronic 
ackP, was grown (m a synthetic medium with either 
glucose-l-~4C or glucose-6-t¢(" as the sole carbon source. 
Both L-fucose and D-glucose were isolated from the 
combined slime and capsular  polysaccharides l)v the 
m e t h o d  o f  W I L K I N S O N ,  I ) U D M A N  AND ASPlNAI.I .  1, e x c e p t  
tha t  9o% isopropyl alcohol, instead of bu tanol -water ,  
was used for elution from the celhflose column. The 

fucose peak coincided with tha t  of authent ic  L-fucose§, and this fraction was shown, by descending 
paper  chromatography  (methyl  ethyl ketone-acet ic  ac id-water  (6 : I : i ) ; R F of L-fucose --" o. l 7), to 
be free from other  sugars. Fu r the r  identification of fucose was provided by positive (>deoxyhexose 
tests  4,5. By chromatographic  techniques similar to those mentioned above, the glucose fraction was 
found to be free from other  sugars. In addition, the copper-reducing capacity of this fraction was 
completely destroyed by  glucose oxidase. The l)-glucose was oxidized to potassium gluconate 
(C- i, 2, 3,4, 5, 6), which was then degraded with periodate 6 to give C- i as carbon dioxide, C-2, 3, 4, 5 
as formic acid, and C-6 as formaldehyde, isolated as its dimedon derivative. Carrier L-fucose was 
added to the fraction containing the 6-deoxyhexose, effecting a 7-g-fold dilution in the first 
exper iment  and approximate ly  a I2-fold dihltion in the second experiment.  The intact deoxy- 
sugar  was isolated as the diphenylhydrazone (C-I, 2, 3, 4, 5, 6) a. C- t was obtained as carbon dioxide 
and C-2,3,4 were obtained as formic acid after  the periodate t r ea tment  of bar ium fuconate. 
Acetaldehyde (C- 5, 6) was isolated as its dimedon derivative after  subjecting L-fucose to periodate 
oxidation. Iodoform (C-6) was obtained upon t rea tment  of the 6-deoxyhexose with iodine-sodium 
hydroxide.  The results are presented in Table I. 

T.kBLE I 

14(_" DISTRIBUTION* IN D-GLUCOSE AND L-FUCOSE DERIVED FROM BACTERIAL I)OLYSACCHARII)E 

D-Glucose 

Carbon source in m e d i u m  
Posi t ion c .p .m. /mmole  

Expt .  I.Glucose-l-x4C C-1,2,3,4,5,~ 28,2oo 
5-4" I° -2 /zc /mmole  C-) 19,44 o 
(72 h incubation) C-2,3,4,5 1,38o 

C-6 6,400 

Expt .  2. Glucose-6-14C C-1,2,3,4,5,6 7-',43 ° 
1.26" io -1/~c/mmole C-I 9,400 
(48 h incubation) C-2,3,4, 5 1,37o 

C-6 68,I35 

i.-Fllcos¢. 

o total Posi t ion c .p .m,  mmole  % total 
radioactivity • radioactir':ty 

C-1, ' ,3,4,5,6 3,905 
68 ('- 1 2,49o ¢)3 

5 (-"2,3,4 23() G 
23 ('-5,0 (qO0 22 

C- 1,2,3,4,5,6 G,715 
13 C- x 7o5 I t 

2 C-2,3, 4 045 m 
('.5 *° 5L5 s 
1:-5,0 5,385 80 

94 ('-b 4,87 ° 72 

" All samples were converted to CO 2 and counted as hvamine carbonate  7. 
"" Calculated : (C- 5, 6) - (C-6) = C-5. 

t We gratefully acknowledge receipt of a gift of authent ic  L-fucose from Dr. lt. B. Wool), Jr., 
Section on Carbohydrates ,  Labora to ry  of Chemistry,  National Ins t i tu te  of Arthritis and Metabolic 
Diseases, Bethesda, Md. 
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D-Glucose ob ta ined  from the  po lysacchar ide  in each case still h ad  m u c h  of the  a s y m m e t r i c  
label ing of t he  cor responding  subs t ra te .  T he  smal le r  degree of isotope red is t r ibu t ion  in the  second 
e x p e r i m e n t  is p r e s u m a b l y  due to the  shor te r  incuba t ion  t ime.  The  label ing pa t t e rn  in t he  L-Iucose 
closely paral lels  t h a t  of t he  o-glucose.  W i t h  glucose-I-14C as  the  sole carbon source  the  fucose 
is p r imar i ly  labeled in C-I,  whereas  C-6 is p r e d o m i n a n t l y  labeled when  glucose-6-14C is the  carbon  
source.  In  t he  second exper imen t ,  however ,  the re  was  a s o m e w h a t  g rea te r  red is t r ibu t ion  of isotope 
in fucose t h a n  was observed  in glucose. 

The  la t te r  obse rva t ion  sugges t s  the  presence of a minor p a t h w a y  for fucose b iosynthes i s  
f rom smal l  f r a g m e n t s  which can  give rise to bo th  the  top and  b o t t o m  ha lves  of the  molecule.  
However ,  the  a s y m m e t r i c  labeling observed in L-fucose indicates  t h a t  in the  convers ion of D- 
glucose to t he  deoxypen tose  e i ther  non- in te rconver t ib le  smal l  molecules  derived from glucose ac t  
as in t e rmed ia te s  or  ut i l izat ion of the  in tac t  hexose carbon-ske le ton  is involved.  
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The inertness of the ammonium salt of N-acetyI-L-cysteic acid 
carboxamide in systems containing alpha-chymotrypsin 

According to SANGER AND THOMPSON I a - c h y m o t r y p s i n ,  or  possibly ano the r  closely associa ted 
e n z y m e  which  is also inhibi ted by  diisopropylfluorophosphate, causes  the  hydrolys is  of three  
of the  t w e n t y  pept ide  bonds  presen t  in the  oxidized A-chain of bovine  insulin,  i.e., Gly- 
I leu-VaI-Glu-Glu (NH~)-CySO~H-CySOsH-AIa-Ser-VaI-CySOsH-~-Ser-Leu-TyryGIu (N Hz)-Leu-GIu- 

Asp (NH~) -Tyr¥CySOsH-Asp(NH~) ,  when  an  aqueous  solut ion of this  subs t ance  and  crysta l l ine  

a - c h y m o t r y p s i n ,  ad jus t ed  to pH  7.5 with a m m o n i u m  hydroxide ,  is allowed to s t and  a t  37 ° for 
24 h. While  a precedent  for the  hydro ly t ic  c leavage of the  two Peptide bonds  involving the  
carboxyl  g roups  of the  two tyros ine  residues can be found a m o n g  the  m a n y  syn the t i c  specific 
subs t r a t e s  of a - c h y m o t r y p s i n  which are s imple  pept ides  or amides  derived from a var ie ty  of  
a -N-acy la ted  L-tyrosines  ~, a, no s imilar  der iva t ives  involving the  carboxyl  g roup  of an  N-acyla ted-  
L-cysteic acid have  been examined  for specific subs t r a t e  act iv i ty .  Therefore,  it appeared  desirable 
to prepare  such  a der iva t ive  and  to e x a m i n e  its behavior  with a - chymot ryps in .  

The  a m m o n i u m  salt  of N-acetyl-L-cysteic  acid ca rboxamide  was prepared.  W h e n  aqueous  
solut ions  of this  c o m p o u n d  and  crys ta l l ine  a - chymot ryps i n ,  ad jus t ed  to p H  6.2, 6.8, 7.3, 7.9 or  8.3 
wi th  aqueous  NaOH,  were allowed to s t and  a t  25 -~ for as long as 27. 5 h, the  e x t e n t  of a p p a r e n t  
hydro lys i s  was no more  t h a n  would have  been observed had  the  in tended  specific subs t r a t e  been 
a b s e n t  (Table I). 

The  absence  of a n y  s ignif icant  hydro lys i s  raised the  ques t ion  whe the r  the  lack of reac t iv i ty  
of N-ace ty l -L-cys tea te  ca rboxamide  was due to an  inabi l i ty  of this  an ion  to combine  wi th  the  
ca ta ly t ica l ly  ac t ive  site of  the  e n z y m e  or a l te rna t ive ly  was due to combina t ion  with the  act ive  
site in a mode  or modes  which did not  lead to the  subsequen t  format ion  of react ion products .  
To answer  this  ques t ion  the  a m m o n i u m  sal t  of  N-acetyl-L-cysteic  acid ca rboxamide  was examined  
with respect  to its abi l i ty  to func t ion  as a compet i t ive  inhib i tor  in the  a - chymot ryps in -ca t a lyzed  
hydro lys i s  of a -N-ace ty l -L- tyros inehydraz ide  5 in aqueous  solut ions  a t  25 ° and  pH  7.9 and  0. 5 M 
in t he  T H A M  ( t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e )  c o m p o n e n t  of a T H A M - H C I  buffer. I t  will 
be seen from the  d a t a  g iven in Table  II t h a t  no evidence was obta ined  for compet i t ive  inhibi t ion 
by the  N-ace ty l -L-cys tea te  ca rboxamide  an ion  and  it  m a y  be concluded tha t ,  if th is  c o m p o u n d  
can so funct ion,  the  va lue  of /t" I (the enzyme- inh ib i to r  dissociat ion cons tan t ) ,  is subs t an t i a l l y  
g rea te r  t h a n  o.I J14. 

The  iner tness  of  the  a m m o n i u m  sal t  of N-acetyl-L-cysteic  acid ca rboxamide  in the  above  


