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SUMMARY 

F r o m  3-ketolactose ,  3 -ke tomal tose ,  3 -ke toma l tob iona t e  and  3-ketosucrose  the  fol- 
lowing new disacchar ides  h a v e  been prepared"  gulosylglucose,  al losylglucose and  
al losylfructose.  Condi t ions  are descr ibed iyl which t he  3-keto  funct ion  was  reduced  
m u c h  fas te r  t h a n  the  hemiace ta l  g roup  b)- R a n e y  nickel.  T h e  yield of the  reduc t ion  
was  85-90 %, T h e  reduc t ion  of 3-ke to lac tose  gave  lactose a n d  gulosylglucose.  The  
fo rmer  sugar  was e l imina ted  by  ox ida t ion  wi th  A erobacter cloacae. Gulosylglucose was  
purified a n d  crys ta l l ized as the  m o n o h v d r a t e .  The  reduc t ion  of 3 -ke tomal tose  gave  
ma l tose  and  allosylglucose. B e t t e r  yields were ob ta ined  from 3-ke tomal tob iona te .  
Maltose was  e l imina ted  wi th  a P a r a c o l o b a c f r u m  s t ra in .  Allosylglucose was  p repa red  
as  a c h r o m a t o g r a p h i c a l l y  pu re  syrup.  The  reduc t ion  of 3-ketosucrose  gave  allosyl- 
f ructose,  which  was  purif ied by  charcoa l  c h r o m a t o g r a p h y .  A r g u m e n t s  in favour  of 
the  proposed  s t r u c t u r e s  a re  given. The  ra re  sugar  D-allose can now readi ly  be p repa red  
f rom 3-ke tosucrose  a f te r  reduc t ion  wi th  R a n e y  nickel.  The  resul t ing  m i x t u r e  of 
sucrose a n d  al losylfructose  was oxidized wi th  a P a r a c o l o b a c l r u m  s t ra in ,  which 
hyd ro lyzed  bo th  d isacchar ides  a n d  oxidized bo th  glucose and  fructose,  bu t  left 
D-allose u n c h a n g e d .  The  l a t t e r  sugar  was  purified a n d  crystal l ized.  

INTR() Dt'C'I ION" 

In  p rev ious  papers  t-4° a new p a t h w a y  for d isacchar ide  b r e a k d o w n  by some bac te r ia  
has  been  described.  The  p r i m a r y  s t ep  consis ts  in the  ox ida t ion  a t  C-3 of the  glycosyl  
mo ie ty  of disacchaxides a n d  b iona tes  wi th  the  fo rmat ion  of the  cor responding  3-keto-  
glycosides.  Severa l  new c a r b o h y d r a t e s  h a v e  thus  been  prepared ,  such as 3-ketolactose,  
3 -ke tomal tose ,  3-ketosucrose,  3 -ke to lac tob iona te  a n d  3 -ke tomal tob iona te .  W i t h  an  
improved  p r e p a r a t i v e  m e t h o d  4 lactose,  lacto-  a n d  m a l t o b i o n a t e  were  conve r t ed  near ly  
q u a n t i t a t i v e l y  in to  the  co r respond ing  3-ketoglycosides,  while mal tose  a n d  sucrose 
g a v e  yields  of xz a n d  2o % respect ively .  3 -Keto lac tose  has  been  c rys ta l lyzed  4, t he  
o the r  c o m p o u n d s  were  ob t a ined  c h r o m a t o g r a p h i c a l l y  pu re  z, n. T h e  above  m e c h a n i s m  
a p p e a r s  to  be  l imi ted  to  A g r o b a c t e r i u m  t u m e f a c i e n s  and  A g .  rad iobac ter  (see ref. 5)- 

* I n  ref .  4 i t  w a s  e r r o n e o u s l y  s t a t e d  t h a t  zo !~ . - Io  Is c e l l s / m l  w e r e  u s e d  a s  i n o c u l u m .  T h e  c o r r e c t  
v a l u e  i s  t o S - l o  g. S i m i l a r l y  in  T a b l e  I t h e  c o r r e c t  v a l u e  i s  I o  v c e l l s / m l  i n s t e a d  o f  I o  la. 
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The 3-ketoglycosides themselves can be used as the  s tar t ing  mater ia l  for the  
prepaxation of h i ther to  unknown carbohydra tes  and  derivatives.  As an example we 
w~n~ to describe here the prepara t ion  and  purification of gulosylglucose, allosylglucose 
and~_~allosylfructose, from 3-ketolactose, 3-ke tomal tobionate  and 3-ketosucrose re- 
.~peet~vely. The main features of these prepara t ions  are the reduct ion by Raney  
nit&el under  controlled condit ions and  the selective el iminat ion by appropr ia te  
bacterial  s trains of the undesirable 3-epimeric disaccharides. 

Fur thermore ,  the above new disaccharides can be used for the  prepara t ion  of 
~therwise rare sugars such as D-allose and  O-gulose. Previously we described a the 
prepaxation of the  la t te r  sugars after the reduct ion of 3-ketolacto- and  3-ketomaito-  
bionate,  followed by hydrolysis.  V~"e shall describe here the ready prepara t ion  of large 
amount s  of D-allose, s t a r t ing  wi th  3-ketosucrose, by reduct ion wi th  R a n e y  nickel, 
foLtiawed by bactei  ial fermenta t ion,  which el iminates  all ca rbohydra tes  except  n-a!!ose. 
"l-lie l~t tcr  sugar  can now no longer be considered as " ra re" .  

MATERIALS AND METHODS 

E~ct~ria used 

We used the same s t ra ins  as in our  prev ious  papers.  Their  taxonomic  position 
was r o t  clear and  we t en ta t ive ly  called them Alcaligenesfaecalis. We showed recently 5 
t h a t  t hey  belong in the  genus Agrobgcterium. 

Preparation of 3-keloglycosides 
The prepara t ion  was carried out  as previously described 4. IO l of cul ture  medium 

conta in ing  4 % of the  ca rbohydra te  subs t ra te ,  mineral  salt~, yeast  ex t rac t ,  calcium 
carbonate  and  ant i foam " A "  (Hopkins and  Williams) were used in a specially designed 
fermentor. After  heavy  inoculat ion wi th  glucose-grown bacter ia  (Io 9 cells/ml), the 
medium was aera ted  with an oxygen absorption, ra te  of 6. 

The concent ra t ion  of 3-ketogl3:cosides was checked occasionally and  the oxidation 
was stopped when the yield was maximal ,  usual ly  af ter  20-23 h. The cul ture  medium 
was centrifuged,  deproteinized and  the  resul t ing clear solution was demineral ized on 
ion--exchange resins or by precipi ta t ion of the  mineral  salts as previously described. 
The  . resul t ing clear and colourless solution was used as such as s ta r t ing  mater ia l  for 
the , reduct ion  process. 

"~timatio,~ of 3-kctoglycosides 

The reaction with semicarbazide was carried out  as follows: a x-ml sample of 
t h e  di luted 3-ketoglycoside solution, conta in ing between 5o and  4oo/~g of the corn° 
pound,  was mixed wi th  I ml of the reagent  (x % semicarbazide-HC1 and x.5 % 
sodimn~ ace ta te  t r i hydra t e  in water) ,  incuba ted  for 15 rain a t  3o °, di luted to 5 ml 
xv~h~ wa te r  a n d  the absorpt ion read at  23o m/~ in the  Beckman spectroF.hotometer 
model DU in I -cm qua r t z  cuvet tes  against  a d i lu ted blank. The  law of Beer was 
foUbwed in the  range o-40o #g/ml of 3-keto compounds.  2oo t~g/ml of pure crystal l ine 
37ketolactose gave an absorbancy a t  23o m/~ of o.825. Near ly  identical  values were 
,~btained wi th  2oo tzg/ml of chromatographica l ly  pure  samples of o ther  3-keto com- 
pounds.  Disaccharides,  bionates  and  the  o ther  in~,-redients ef the  cul ture  medium did 
rmt in t e r f e re  with this reaction. 
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Preparation of Raney nickel 

Active preparations were obtained according to t h e : ~ ~ i ~ ~ G o  axial his 
coworkers a and contained about I2o ml hydrogen/g. A ~ ~ p p e f ~ m m d ~ d o s t  their 
hydrogen and their acti~-ity upon standing, they were ~ m s s ~ ~ t ~ s s i ~ x i e .  Their 
act ivi ty could be preserved to some extent  by k e e p i n g v ~ l ~ ~ . ~ l s ~ t , ~ t e  alcohol 
at 4°. 

Paper ch,omato rap   
The following solvents were currently used to separatew~ixtm~.~azt~l~3-drates  : 

solvent A, xvater-saturated phenol; solvent B, c o ~ "  <s@l~mt U.;. ~ d e t h y l -  
ke tone-ace t ic  a c i d - w a t e r  sa tura ted  with boric acid (9=-x zI);~s~t~e~tD? top l~ver of 
ethyl a c e t a t e - p y r i d i n e - w a t e r  (lOO:45" ioo) ; solvent ~ ,  ~ I~tyer r~i r~lx~aa-aol- 
e thano l -  water  (4: I" 5). Reducing carbohydrates were ~ e ~ ~ p p a a ~ ~ -  HC I 
in n-butanol  and lactones with the reagent of ABDEL-A-~'~I~ ~3~,~IT1~7 

Chromatograph.*/on charcoal column 

Two superposed col~lmns (20 ooo ,r -g 325o 7r; diameter reo~-b~-ety  ~5: and 
1.8 cm) according to CLAESSON 8 and containing a mixtm~,  ef~8~"~,,¢~fa~tgwashed 
Darco G-6o charcoal and 5o % Ceiite No. 535 (Johns Ma~V~e)x~. tmee~i to  sepaxate 
gram quanti t ies  of ntonoses, sucrose and allosvlfructose. 

Crystalline 3-ketolactose 

Crystalline preparations were obtained as previonsly ~eseiftta~ 4 ~i~xra~-recrystal- 
lized twice from methanol  and contained no l a c t o s e - a c c ~ ~ t ¢ ~ , ~  cI~ffomato - 
graphic analysis. Apparent ly  it was the m o n o h y d r a t e , - s i ~ e e ~ c ~ : o v e r  P oO~ 
in vacuo at I24 ° for 48 h it lost 4.92 % of its initial weight  ( ~ o M H ~  3f*c~Ct zHozOa~ - 
H~O, 5.00 o/_ 

RESULTS 

Reduction of the 3-keto function with Raney nickel 

Previously a we showed tha t  passing a s tream of H . ~ t t ~ ~  solution 
of either 3-ketolactose or 3-ketomaltose in the p r e m m e e - - o f f x ~ m ! t _ t y ~  Raney 
nickel, reduced both the 3-keto and the hemi-acetal ~ m e t ~ s . l ~ t t ~ s m m ~ c o ~ o n s  
KARAm.'~O'.~ A~D BALL~'X 9 prepared maltitol and lact i t01ffrcmtt~,cc~vrest~dmg di- 
saccharides. Since it was our aim to reduce only the 3.ketoffmmcimm ~ h e  lat ter  
procedure nor sodium borohydride could be used. ~ m m e , x ~ f ~ - r e d ~ i ~ g  con- 
ditions (Raney nickel in low concentration a t  room, _ - t t m ~ m m ~ m ~ ) ~ . e m i z e  satis- 
faction. A mixture  containing 3 % freshly prepared ~ ~ i i ~ l a m ~ ] ~ %  of any 
3-ketoglycoside was vigorously stirred m e c t m ~ c a l t y : ~ i - ' ~ 0 ? . ~ ~  take~ at  
regular intervals and both the Benedict and ~ n m m t ~ m m ~ .  ca~wi~ out. 
After  about  3 h the 3-keto function had completely " ~ l ~ m m ~ d . ~ ~ , ,  t h e  hemi- 
acetal groups of the 3-ketodisaccharides a p p e a r e d : t o i t ~ ~ . m s e ~ i ~ e d  by 
the r edu~ ion  of boiling Fehling reagent. 

After  the reduction two isomeric d i s a c c h a r i d e s - ~ r ' . : - ~ v ~ m e t ~ b ~  e x p i r e d  
from each subsU-~te. This was confirmed by p a p e r : c k r ~ m ~ l ~ J ~ l ~ _ y ~ A : s h o w e d  
tha t  3-ketomaltose had been transformed into t w o ~ , o ~ o ~ : ~ h ~  being 
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maltose (Rp 0.37 ) the other one presumably being allosylglucose (R~- 0.48 ). Similarly 
solvent B showed that  reduction had transformed &keto!actose into lactose (RF o.24) 
and another reducing sugar, presumably gulosylglucose (RF o.39). 3-Ketosucrose after 
reduction showed w i t h  solvent A a spot corresponding to sucrose (RF o.4o) and a 
second one, presumably allosylfructose with an RF of 0.53. Paper ch roma to~aphy  
of 3-ketobionates after reduction confirmed tile absence of reducing compounds, The 
presence at this stage of two isomeric bionates from 3-ketomaltobionate, will be shown 
below by other methods. 

The yield of the new disaccharides after the Raney nickel t reatment  was de- 
termined as follows. A solution of 3-ketolactose, containing 4 % of the anhydrous 
compound, was reduced with Raney nickel as above. The mixture  of lactose and 
the presumed gulosylglucose was t i t rated with the LUFF AND SCHOOP~L method 10. By 
comparing the latter value with a s tandard solution containing equal amounts of 
lactose and crystalline gulosylglucose (see below}, it was calculated tha t  the yield of 
both disaccharides after the reduction process was 85-9o %. The remaining 3-keto- 
lactose, which was unaccounted .... had t.i . proba~,.y been reduced +" !actito! o,-~  gt.lln~xrl- 
sorb i to l .  

The preparation of gulosylglucose 

IO I of culture medium, containing 4 % 3 -ket°lact°se and only traces of lactose, 
was prepared as mentioned in MATERIALS AND METHODS a n d  used as start ing material.  
To this clear and colourless solution 3oo g oI freshly prepared Raney nickel was added 
and the suspension thoroughly mixed with a mechanical stirrer. After about 3 h the 
concentration of the 3-ketoglycoside had fallen to practically zero. The catalyst was 
then immediately filtered off. Traces of dissolved nickel were removed by passing 
the filtrate through a column (height 5o cm, diameter 4 cm) of the strong cation- 
exchange resin Merck I. 

The separation of gulosylglucose from lactose was realized by bacterial oxidation 
of the latter sugar. Preliminary Warburg  experiments had shown tha t  resting cells 
of several representative strains of the tribe Escherichia oxidized lactose to com- 
pletion, while no oxygen was taken up with gulosylglucose. Aerobacter cloacae, strain 
K3 of our collection, was selected for further work, because the assimilation of gulosyl- 
glucose was nearly negligible in a strongly aerated growing culture. 

To IO I of the above solution, containing the mixture of disaccharides, was added 
(in percent, w/v)" (NH~)~SO 4, 0.2; KHzPO 4, o.1; MgSO4-7H~O, 0.025; yeast extract 
(Difco), o.175. Final pH, 6.8. This medium was sterilized by  filtration and inoculated 
with Art. cloacae K a. A sterilized slurry of finely divided CoCO a and 2oo p.p.m, anti- 
foam (Hopkins and Williams) were added. Growth and aerobic fermentation were 
carried out with vigorous aeration (oxygen absorption rate of 6) in the same conditions 
in the fermentor as described for the preparation of the 3-ketoglycosides. Paper 
chromatography showed that  after 48 h all lactose had disappeared, while gulosyl- 
glucose was still present. The reducing power, as determined with the  LWF Am) 
ScnooaL method 10, had  decreased to 45 % of its initial value. The culture medium 
was centrifuged, deproteinized and demineralized in the same manner as for the 
purification of 3-ketolactose. The remaining clear and nearly colourless solution was 
concentra~e~ in vacuo until  it became viscous (3oo ml). I t  was poured under stirring 
in  ten times its volume of methanol and a filamer, tous precipitate was filtered off. 

Biochim. Biophys. Acta, 60 (x963) 322--33o 
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The m e t  ha~e~ic ~ 0 ~ 0 m  ~ d~t:dled in vacuo to a viscous syrup ,  to which e thanol  
was added  ~ m ffaff~t t m ~ k t i t y  appeared.  Af te r  some weeks in the  refr igerator ,  
white  c r y s t a ~  ~ - ~ .  ~ cry. s tal l isat ion was cont inued  for some days  and  a first 
crop of t ~ ~  gmn~-~ /#~ose  of i zo  g (6o %) was  collected. I t  was recr3-stallized 
t~dce f rom ,7 .o '% ~ ,~t!h~_~_ ,~&. 

.~tructure ~ d  .,~n~e # : r ~ ~  of gulosylglucose 

The ~ c ~  m~0~osa~chari~les were identified af ter  hydrolysis .  I g of the  pre- 
sumed  # ~ ~  ~m xoo, ml  t N H , S O  4 was hea ted  at  IOO ° for x h. The solution 
was n ~  ~ ~ O a ;  and  the  precipi ta te  filtered off. The yellowish neu t ra l  
f i l t ra te  e ~  ~ t ~  nedimehag compounds  as revealed on descending paper  chro- 
m a t o g r ~  mSi~a ~ - m ~  D fd~ 2,4 h. The first spot  h a d  the  same Rp  value  as glucose 
and  the  s , e ~ d t  ~ ~ d l  in the  same w a y  as gulose. Bo th  spots  h a d  the  same 
i n t e n @ ,  ~ ~  ~ ~ o t k  sugars  were  present  in equal  amounts .  Nei ther  lactose 
nor  g u l o s y ~ n c  _ ~  ~ ~ t a b I e .  

aoGve fi l t rate was shaken  ovei:night a t  40 ° with I d ~ n t £ f l ~  a0f f ,~~ , r : :  ~ e  '- , 

0.05 % (w/~7) ,gt lm~ ~ (Boehringer,  Mannheim) conta in ing catalase.  At  the end 
of the  reac~i~m, ~ ~ ~SaCO a was added  to neutra l ize  the  gluconic acid. After  
filtratioxt, ~ ~ $ m ~ m m a t ~ h y  revealed t h a t  glucose h a d  comple te ly  disappeared,  
..-bile gtflose ~ mtm llmmm~. Eadcium gluconate  was r emoved  from the  solution wi th  
ion-exdaa~-e  ~ tfms~ om ~ column of Merck-I  resin (d iameter  1.5 cm, height  8 cm) 
followed .~z m (o~mmm oa ~ axtion-exchange resin Merck I I  (d iameter  2 cm. height  
2o cm). ~ G ~ i c  amid ~ra~dlzsorbed from the l a t t e r  co lumn wi th  5o ml  of IO % Na~COa. 
The  ~ ~ ~ memm~li~ed bv successive addi t ions  of the  Merck-I resin in 
the  H + ffo~m ~ ~ m ~  ~Oz was evolved. The  mix tu r e  was then poured on a 
colmmm :eft : ~ e a ~ o l  nmffm ((d~azaetec 2 cm, height  ]to cm) and  the  recovered gluconic 
a d d  solmi~m ~ ~ 0 ~ t e d  i~ vacuo to abou t  re  ml. The lactone was prepared  
by  ~ ~ ~ e  ha an excess of dioxane,  . .h ich was then disti l led off 
in vacuo. ~ ~ ~  ~ repea ted  three  t imes.  4oo m g  of a sy rup  were finally 
obta ined,  ~ t ~  ~ ~  wi th  traces of dioxane.  I t  showed a s t rong Fe hydrox-  
a m a t e  , e a t ~  m n m ~ t ~ g  Ire, ~:~ESTRIN N. Pape r  c h r o m a t o g r a p h y  wi th  solvent  E showed 
with flae ~ ~ tf~r Ik~ctones one spot  wi th  the  same RF as au then t ic  glucono- 
8-1actone. 

l d ~ i ~ & ~  ~ g ~ :  T h e  neut ra l  solution which had  passed th rough  the  above 
Merck- I [  , c ~  ~ ~ Fehl ing  solution. By  concen t ra t ing  in vacuo 47 ° m g  of 
s y r n : ~  , ~ a ~ l  ~ ~ : e ~ e ~  The  p resumed  gulose was conver ted  in to  the  phenyl -  
h y ~  ~ tl~ ~ a : ~  :..~D STA~-L ~=, which was  recrystallizecl from abso- 
lute  etkmm~l ~ ~ ~ y e ~ , w  crystals  me l t ed  a t  I38 ° as expected.  

Jl~ode ~r  ~ #~tt~am~ glucose and gulose: Gulosylglucose was  oxidized with 
~ ~  ~ ~ ] [ ] [ ~ 5  AND [SBELLXa, ~4. I t s  reducing propert ies  comple te ly  
d i s ~ ~  ~ ~ ~ s y l g l u c o n i c  acid was hydro lyzed  wi th  r N sulfuric 
acid as ~ .  ~ ~ t ~ .  which was now again  reducing agains t  the  Fehl ing 
r ~  ~ ~ ll~ ~ free gulose b o t h  b y  paper  c h r o m a t o g r a p h y  a n d  by  
t h e  ~ 1 ~  ~ff ~t~ ¢x3ecxq~ta~ine pheny lhydrazone .  Gluconic acid was  isolated from 
t h e  ~ a~ ~ above  and  charac ter ized  as the ~-lamtone b y  paper  
c h r ~ _  ~ . . - n t  showed t h a t  in the  new disaccharide,  the  ~ l o s e  
m o i e t y  i~ ~ ~ C-x t ~  th~ glucose par t ,  as expec ted  f rom h h e  s t a r t ing  mater ia l .  

Biochim. Biophys-'- .4eta, 09 (x963) Jzz--33o 
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Some properties of  gulosylglucose: T h e  crys ta l l ine  c o m p o u n d  con ta ined  one mole- 
cule of wa te r  of c rys ta l l i sa t ion .  Af ter  h e a t i n g  for 48 h over  P205 a t  z4 o° inr vacuo, 
t he  c rys ta l s  lost 4.92 % of the i r  we igh t ;  theore t i ca l ly  for ClaH22Oit .  H~O: 5.o %. This  
wa te r  of c rys ta l l i sa t ion  p robab ly  expla ins  the  va r i a t ions  in the  me l t i ng  point ,  which  
d e p e n d e d  on the  ra te  of hea t ing .  Melt ing po in t s  be tween  197 ° and  zo5 ° were f r equen t ly  
ob ta ined .  

Opt ica l  r o t a t i on :  1.4256 g in 25 ml  in a 2 -dm tube  a t  2o ° gave  t he  following 
specific ro ta t ion"  6. 3 min  af ter  solut ion,  [x]~)° = 4o.7 ° ; 9 ra in  : 39.2 ° ; I6  min" 36.8 ° ; 
3o rain:  33°;  60 min :  26.7°; 135 min :  I8 .1° ;  26 h :  11.5 ° (constant ) .  

The preparation of  allosylglucose 

A proced~are ident ica l  to  t he  above  one was  used  mugatis mutandis  for t he  prepa-  
ra t ion  of al losylglucose from 3-ketomal tose .  There  was  only  one m a j o r  change ,  con- 
s is t ing in the  use of a ParacolobactrunL s t ra in  M 33, wh ich  was  unab l e  to  use ailosyl-  
glucose as a ca rbon  source in growing  cult t ires,  while  ma l tose  d i sappea red  comple te ly  
in these  condi t ions .  The  l a t t e r  s t r a in  was  selected from a collect ion of Enterobacteria- 
ceae which,  in p r e l im ina ry  W a r b u r g  expe r imen t s ,  oxidized ma l tose  b u t  not  allosyl- 
glucose. T h e  p r e s u m e d  al losy!glucose was  ob t a ined  as  a yel low s y r u p  which  was  st i l l  
qu i te  impure ,  since it c o n t a i n e d  only  5o % of the  expec ted  reduci~-~ sugar .  T h e  yield 
of 3 -ke tomal tose  i tself  was  a l r eady  r a t h e r  smal l  to  begin  wi th ,  so t h a t  t he re  were  
several  reasons  for d i scon t inu ing  a long these  1Lrtes. 

A b e t t e r  s t a r t i n g  m a t e r i a l  was  found  in 3 -ke toma l tob iona t e .  IO 1 of t h e  cu l tu re  
medium,  in which  3 - k e t o m a l t o b i o n a t e  h a d  been  p r e p a r e d  f rom m a l t o b i o n a t e  w i t h  
Agrobacterium a n d  con t a in ing  a b o u t  3-5 % of t he  3-keto compound ,  was  cen t r i fuged  
a n d  depro te in ized  as usua l  a n d  t r e a t e d  w i t h  Rv.ney nickel  u n t i l  all r educ ing  power  
had  d i sappeared .  T h e  c a t a l y s t  was  fi l tered off a n d  t h e  f i l t ra te  passed  tba'ough a co lumn 
of Merck-I  resin (d iamete r  4 cm, he igh t  5 ° cm). The  acid solut ion was  c o n c e n t r a t e d  
in vac,o  to  a b o u t  I 1. I t  c o n t a i n e d  ma l tob ion i c  ac id  a n d  al losylgluconic  acid,  wh ich  
were  r educed  to the  cor responding  d i sacchar ides  a f te r  convers ion  in to  t h e  l ac tones  
as follows. I 1 of d ioxane  was  added  a n d  t h e  d is t i l la t ion  was  c o n t i n u e d  to  a s y r u p y  
cons is tency.  The  add i t ion  of d ioxane ,  followed by  dis t i l la t ion was  r e p e a t e d  five t imes.  
The  resu l t ing  sy rup  showed  a s t rong  Fe  h y d r o x a m a t e  react ion.  25o g of th i s  sy rup ,  
c o n t a i n i n g  still  some dioxane,  were  dissolved in 2 I of dist i l led wa te r ,  cooled, acidified 
and  t r e a t e d  wi th  25o-g por t ions  of 2.5 % sod ium a m a l g a m  wi th  v igorous  s t i r r ing.  
The  add i t ion  was  r e p e a t e d  un t i l  t he  yie ld  of r educ ing  sugars  was  max ima l .  The  
solut ion was  neu t r a l i z ed  w i t h  sodi,am c a r b o n a t e  in order  to  hyd ro lyze  the  u n r e a c t e d  
lactone.  I t  was  s l ight ly  acidified wi th  sulfur ic  acid,  c o n c e n t r a t e d  in. vacuo a n d  e thano l  
was  a d d e d  to p rec ip i t a t e  mos t  of t he  sod ium su lpha te .  T h e  las t  t r aces  of t h e  dissolved 
sal ts  (sodium s u l p h a t e  and  bionates)  were r emoved  f rom t h e  solut ion by  ion exchange  
on Merck-I  a n d  Merck- I I  columns.  Upon  c o n c e n t r a t i o n  55 g of a yellow s y r u p  was  
ob ta ined ,  expec ted  to  con ta in  b o t h  ma l tose  a n d  allosylglucose.  Indeed ,  p a p e r  chro-  
m a t o g r a p h y  w i t h  so lvent  A a n d  p -an i s id ine  as a sp r ay  r eagen t  showed two  spots  of 
equa l  in tens i ty ,  one of t h e m  wi th  t h e  same  RF as mal tose ,  t h e  o the r  one iden t ica l  
to  t h e  al losylglucose p repa red  f rom 3-ke tomal tose .  Mal tose  was  e l imina t ed  f rom the. 
m i x t u r e  of bo th  d i sacchar ides  t h r o u g h  select ive  ox ida t ion  a n d  ass imi la t ion  wi th  t h e  
Paracolobactrum s t r a in  M 33 a n d  t he  cu l tu re  m e d i u m  was  pur i f ied in  t h e  same  
m a n n e r  as descr ibed for gulosylglucose.  Af te r  concen t r a t i on  in  vacuo of t h e  c lear  :and 
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colourless al losylglucose solut ion,  21 g of a yellow s y r u p  was o b t a i n e d  which  gave  
on ly  one  spot  on p a p e r  c h r o m a t o g r a m s  a n d  fai led to  crysta l l ize  u p  to  now. 

Structure of allesylglucose 
T h e  c o m p o u n d  was  h y d r o l y z e d  a n d  glucose was  ident i f ied  as  the  g lucono-  

8-1actone exac t ly  as descr ibed  for gulosylglucose.  T h e  solut ion,  a f t e r  pa_ssing t h r o u g h  
the  c o l u m n s  of ion -exchange  resins,  still  r educed  Feh l ing  r eagen t  a n d  c o n t a i n e d  the  
p r e s u m e d  allose. I t  was  c o n c e n t r a t e d  to  a sy rup ,  t r e a t e d  wi th  a smal l  a m o u n t  of 
m e t h a n o l  a n d  inocu la t ed  w i t h  a m i n u t e  c rys t a l  of p u r e  D-allose. Af t e r  a few days  
a first c rop  of 2oo m g  crys taUine  aUose was  ob ta ined .  Mel t ing  po in t  (uncorrec ted) .  
128 °. m i x e d  m e l t i n g  po in t  u n c h a n g e d .  

The preparation of allosylfructose from 3-ketosucrose 
Sucrose  w a s  ox id ized  to  3 -ke tosucrose  wi th  Agrobacteeium, followed by  the  re- 

d u c t i o n  w i th  R a n e y  n ickel  as in t h e  p rev ious  p r e p a r a t i o n s .  By  p a p e r  c h r o m a t o g r a p h y  
t w o  n o n - r e d u c i n g  suga r s  were  de tec ted ,  one  be ing  sucrose,  the  o the r  one  p r e s u m a b l y  
al losylfructose.  Sucrose  was  p re sen t  in a large  excess  because  the  s t a r t i n g  m a t e r i a l  
itself c o n t a i n e d  3.2 % sucrose a n d  only  o.8 % 3-ketosucrose .  A p r e l i m i n a r y  e n r i c h m e n t  
in a l losyl f ruc tose  was  ef iected by  f rac t iona l  cr3"stallisation of t h e  m i x t u r e ,  d issolved 
in m e t h a n o l .  C h r o m a t o g r a p h i c a l l y  pu re  sucrose  c rys ta l l i zed  first. T h e  process  was  
s t o p p e d  w h e n  the  c o n c e n t r a t i o n  of b o t h  suga r s  was  nea r ly  equal ,  because  allosyl- 
f ruc tose  s t a r t e d  to  coprec.~pitate. The  m e t h a n o l  was  dis t i l led  off in vacuo. The  
r e su l t i ng  m i x t u r e  of d i sacchar ides  c o n t a i n e d  sma l l  a m o u n t s  of glucose,  allose a n d  
f ructose .  I t s  s epa ra t i on  was  eft ec ted  on a compos i t e  cha rcoa l  co lumn.  I g of t he  syrup ,  
d i sso lved  in  I o  ml  of wa te r ,  was  w a s h e d  t h r o u g h  t h e  c o l u m n  wi th  6o -7o  ml  of w a t e r  
un t i l  t h e  monosaccha r ides ,  whdch were  a p p a r e n t l y  n o t  absorbed ,  h a d  been  e luted.  
T h e  co lumn  was  t h e n  deve loped  wi th  4 % aq.  phenol .  T h e  f rac t ions  were  checked  
b y  p a p e r  c h r o m a t o g r a p h y .  Af te r  4o ml  h a d  passed  t h r o u g h ,  pu re  sucrose was  e tu ted  
in t h e  n e x t  8o ml ,  fol lowed b y  t h e  m i x t u r e  of b o t h  d i saccha r ides  in  2o ml  a n d  by  
a l losyl f ruc tose  (35o rag) in 3o ml. B y  r e p e a t i n g  th i s  p rocedure  th ree  t imes  9 I o  mg  
of a l losyl f ructose  was  collected,  st i l l  c o n t a i n i n g  smal l  a m o u n t s  of sucrose.  I t  was 
f u r t h e r  pur i f ied b y  e lu t ion  c h r o m a t o g r a p h y  on  an  iden t ica l  charcoa l  c o l u m n  us ing  
5 % (v/v) abso!,_,te eth::'.c,l it.- water .  Af t e r  270 ml  h a d  pas sed  t h r o u g h ,  sucrose  was  
e lu t ed  in t h e  n e x t  3 ° m ! ,  fol lowed by  a m i x t u r e  of b o t h  d i sacchar ides  in zxo ml  
a n d  f inal ly b y  c h r o m a t o g r a p h i c a l l y  pure  a l losyl f ruc tose  (6oo m g  in 17o ml).  A t t e m p t s  
to  crys ta l l ize  th i s  f rac t ion  failed u p  to  now.  I t s  s t r u c t u r e  was  conf i rmed  b y  showing  
t h a t  i t  c o n t a i n e d  aUose a n d  fructose.  Af t e r  hyd ro lys i s  acco rd ing  to  CLERGET 15, two  
spo ts  were  d e t e c t e d  on  p a p e r  c h r o m a t o g r a m ~  a f t e r  us ing  so lven t  C for 48 h, One  of 
t h e m  r e a c t e d  as a hexu lose  a n d  h a d  t h e  s ame  R p  va lue  as  f ructose.  T h e  o the r  one 
r e a c t e d  as a n  a ldose  a n d  h a d  the  s a m e  RF va lue  as  n-allose.  I t s  m.p.  was  i 2 0  ° (un- 
cor rec ted)  as  e x p e c t e d  for allose. 

The pret~aration of D-allose from 3-ketosucrose 
T h e  m i x t u r e  of sucrose  a n d  a l losyl f ructose  was  p r e p a r e d  f rom 3-ke tosucrose  by  

R a n e v  n icke l  t r e a t m e n t  as m e n t i o n e d  a b o v e  (S~,uctufe of allos'vlglucose). T h e  c a t a l y s t  
was  r e m o v e d ,  t h e  f i l t ra te  pa s sed  ove r  t h e  i on -exchange  resins a n d  c o n c e n t r a t e d  
ift vawuo t o  s y r u p y  cons is tency .  An  excess of m e t h a n o l  p r e c i p i t a t e d  g-am-like ma te r i a l ,  
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w h i c h  was  fi l tered off. T h e  m e t h a n o l  was removed  b y  ~ ~ R  in vacuo a n d  the  
r ema in ing  s y r u p  i n c o r p o r a t e d  in 5 1 cu l t u r e  ~ a s  ~ ' ~ i  above  (The prepa- 
ration ofgulosylglucose). I t  was  i n o c u l a t M  wi~Lh P ~ v ~ ~ r ~ .  s t ra in  M 33, selected 
for i ts  r e ady  ass imi la t ion of sucrose.  A f t ~  @~ h off ~ minter vigorous ae ra t ion ,  
ne i the r  sucrose,  a l losylfructose,  f ructose  n o r  ~Mam~e ~ de t ec t ab l e  by  pape r  chro-  
m a t o g r a p h y .  There  was  only  one spot ,  c o ~  _mv~" g tto ~ .  T h e  cu l tu re  m e d i u m  
was  t h e n  f u r t h e r  purif ied as descr ibed  above .  ~ ~  ~ o ~ x i ~ e d  as a colourless 
s y r u p  which c rys ta l l ized  easi ly  l rom 7o % a~l. ~ L  M.p.  x27:: as expected.  For  
e x a m p l e  in one pa r t i cu l a r  exper imen t ,  s t ~  ~ ~ g ~f s~-rose,  60 g of 3 .ke to-  
sucrose  was  ob t a ined  (I5 %). The  first crop off ~ ~  ~ was  Io  g (63 % of 
the  theore t i ca l  yield from 3-ketosucrose) .  

DISC~SS~O~ 

The structure of  tha new disaccharides 

The  s t r u c t u r e  of t h e  n e w  disacchafiOes <ram be  ~ inf~:~,red from the  above  
results .  E x t e n s i v e  q u a l i t a t i v e  ana lys is  showed  ~ m i  dem]M t im n a t u r e  of t h e  con- 
s t i t u e n t  monosacchar ides .  Since no o the r  :sugaes ~ d e t e c t e d  excep t  t he  3-epimers  
of t h e  g lycosyl  mo ie ty  and  since t he  n e w  ,4i~mdbmsid~ ~ o b t a i n e d  in ~ a lmos t  
q u a n t i t a t i v e  yield a f te r  t he  Raney-nicl~el  ffm-eatbmf~It, t l ~  m even t  wh ich  t h u s  
h a p p e n e d  d u r i n g  t h e  l a t t e r  t r e a t m e n t  ~ time ~ of  t h e  3-ke to  funct ion .  
Therefore  t he  new c o m p o u n d s  m u s t  be  d i s m x t m x i d ~ ,  wtMmtt w a s  co_n_firmed by  the  
obse rva t ions  t h a t  t h e  i n t e n s i t y  of t h e  spo t s  off t h e  ~ monosaccha r ides  on 
the  c h r o m a t o g r a m s  was  t h e  same.  T h e  ~ ~ ~ , i d l e s  a r e  t h u s  gulosylglucose,  
a l losylglucose a n d  al losylfructose.  T h e  l i~-- ,~e in  flue ffotm~,__ t w o  is mos t  p r o b a b l y  x-4,  
while the  l a t t e r  has  t he  z - z  l inkage ,  s ince  i t  ~ ~ - - d  ~t mmm-tedueix~ sugar .  As ye t ,  
n o t h i n g  can  be said w h e t h e r  t h e  al tosyl  a n d  ~ -*niet t i~  a r e  in  t h e  p y r a n o s y l  or  
furanosyl  forms. N e i t h e r  is i t  k n o w n  wtmt tmr  ~ke ~- ~ ~ t i o n s  are  involved.  
Some of the  above  resu l t s  also f u r t h e r  ~ t h e  p t ~  s l n i c t u r e  of 3-keto-  
sucrose. T h e  ana lys i s  of t h e  l a t t e r  comtxmumt* w a s  n o t  ca r r i ed  as  far  as t h e  o the r  
3 -ke te  c o m p o u n d s  a n d  i ts  s t r u c t u r e  w a s  im~mmed b y  ~ g r e a t  s imilar i t ies  of i ts  
p roper t ies  wi th  those  of t h e  o t h e r  3-keto  ~ ~ fotlmmtion of a l losylf ructose  
a n d  the  isolat ion of D-allose show t h a t  ~ t im ¢zflmmyt ftmctitgn is loca ted  a t  C-3 
of t h e  glucose mo ie ty  and  t h a t  t h e  fruct.e~e l m r t  r e m a i ~  t m d m n g e d .  

D-Allose 

This  sugar  which  has  been  ra re  a n d  ~ u p  t o  ~ w .  will  now be easi ly 
accessible on a large  scale. Vv'e p rev ious ly  ~ lt]ke ~ - p t e p a x a t i o n  of D-gulose 
f rom a guloside.  I t  will  no t  be  possible t o  ~ otlim~r r a r e  monosacchar ides  by- 
our  m e t h o d  from easi ly  accessible disacchatidles, ~ tlke i~ t t e r  axe all e i the r  ga lac to-  
sides or  glucosides.  

"The enzymic hydrolysis of  the new d i ~  

T h e  ava i l ab i l i ty  of t h e  3-epimeric  ~ r i d l e s  n m y  n o w  ~allow a f u r t h e r  ins ight  
in to  t h e  specifici ty of t h e  hydro lases ,oI  a ~ t  ~ S a m e  p re l imina ry  i n fo rma t ion  
can  be  o b t a i n e d  f rom t h e  f e r m e n t a t i o n  ~ l t s  ~ma~e. 

Since a!losy!g!ucose was  no t  . a t tacked  a t  a l l  b y  ~ s t r a in s  of t he  Entero- 
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bacteriaceav a n d  a s s u m i n g  t h a t  it  differs f rom m a l t o s e  o n l y  b y  t he  conf igura t ion  of 
t he  O H  g r o u p  a t  t7~-3 of t h e  g lucosy l  m o i e t y ,  th i s  wou ld  m e a n  t h a t  t h e i r  ~-glucosidase  
aIso r equ i r e s  the  cor rec t  OH conf igura t ion  a t  C-3. (~O'rTSCHALK in has  a l r e a d y  p o i n t e d  
ou t  t h a t  "be s ide s  the  glucosidic  o x y g e n ,  the  h y d r o x y l  g roups  a t  C-2, C- 4 and  C-6 are 
i n v o l v e d  in t he  f o r m a t i o n  of t he  e n z y m e - s u b s t r a t e  c o m p l e x " .  W e  can  n o w  also add  
C-3 to  th i s  desc r ip t ion .  

A s imi la r  conclus ion  can be d r a w n  ,,,t" . . . . .  u tv f l -gaiac tos idase  of these  bac te r i a .  Again ,  
s ince t h e y  a t t a c k  lactose r e a d i l y  a n d  gu losy lg lucose  n o t  a t  all, i t  is t e m p t i n g  to  con- 
c lude  t h a t  t h i s  e n z y m e  is also specific for t he  cor rec t  O H  conf igura t ion  a t  t he  C- 3 of 
the  g a l a c t o s y l  m o i e t y .  A p r e c e d e n t  is k n o w n  a l r e a d y  for the  specif ic i ty  of t he  sweet  
a l m o n d  ga l ac tos idase  which  is u n a b l e  to  h y d r o l y z e  m e t h y l - n - g u l o s i d e .  

A l losy l f ruc tose  p r e s e n t s  a n o t h e r  i n t e r e s t i ng  case. In  c o n t r a s t  wi th  the  o t h e r  two 
d i saccha r ides  it w a s  r e a d i l y  a t t a c k e d  b v  ou r  bac te r i a .  As  in the  case of sucrose  it 
could  a p r i o r i  be supposed  t h a t  a l iosy i f ruc tose  was  h y d r o l y z e d  e i the r  b y  an  ~-gluco- 
s idase,  b y  a f l - f ruc tos idase  or  b y  bo th .  T h e  fo rmer  e n z y m e  was  p re sen t  in our  bac te r i a ,  
b u t ,  as  we h a v e  soon above ,  a p p e a r s  to  be i nac t i ve  w i t h  allosides.  The re fo re  we are 
led to  be l ieve  t h a t  the  s u b s t r a t e  is h v d r o l v z e d  b y  a f l - f ructosidase.  
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