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SUMMARY 

IX- and trisaccharide phosphomonoesters have been isolated after mild acid hydrolysis 
of the phosphomannan produced by Hu~se&ra c~fis&Az NRRL Y-1842. Periodate 
oxidation studies on both the oligosaccharide phosphates and the intact polymer have 
served to elucidate further the polyphosphodiester structure. The disaccharide ester 
has been characterized as 2-0-(6-O-phosphoryl-~-~-marmopyranosyl)-~-mannose ; the 
trismlmide ester appears to contain an additional mannosyl residue a-r,z-linked 
to the phosphorylated moiety of the disaccharide. The biosynthetic implications of 
these findings are discussed. 

INTRODUCTION 

Among the phosphorylated mannose polymersr produced by yeasts of HUBS~B& and 
related genera, the produced by W. c~@sz&zti strains are the most highly phospho- 
rylateds. The latter polymers are further distinguished by their low or negative optical 
.rotati&s, indicating the presence of mannosidic linkages of the @-cor&guration~. 

.Rwious works on the phosphate linkages in phosphomannans has shown that 
these extra&Mar polymers are polyphosphodiesters containing the ar-I#-phosphate+ 
‘w bridge between mannose units as a characteristic structural feature. Also, mild 
‘ ‘,Y. _* This k a k&oratory of the Northern Utilization Research aud Devebpmeut Division, A@- 
k- l&&w& Servb& U.S. Department of Agriculture. 
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acid hydro lys i s  (pH 3, lOO% 20 min)  q u a n t i t a t i v e l y  c leaved  the  m-mannosyl  p h o s p h a t e  
l inkages  w i t h o u t  c o n c o m i t a n t  sp l i t t ing  of m a n n o s y l - m a n n o s e  bonds .  

This  repor t  descr ibes  the  s epa ra t i on  a n d  character izat io:q  of the  o l igosacchar ide  
p h o s p h o m o n o e s t e r s  fo rmed  by  the  "'autohydrolysis'" of deca t ion ized  H. capsulata 
N R R L  Y- I842  p h o s p h o m a n n a n .  

EXPERIMENTAL 
Materials and methods 

T h e  p r o d u c t i o n ,  i so la t ion ,  a n d  pur i f ica t ion  of H. capsulata N R R L  Y- I842  phos-  
p h o m a n n a n ,  Eul~5 ~ - -  - -2  ° (I.O % K + fo rm in o . I  M KC1), has  been  desc r ibed  prev i -  
ously 2. P e r i o d a t e  c o n s u m p t i o n  was  m e a s u r e d  b y  the  F l e u r y - L a n g e  a r sen i t e  p rocedure  4 
a n d  formic acid, a f te r  d e s t r u c t i o n  of excess pe r ioda te  w i t h  e t h y l e n e  glycol,  by  t i t r a t i o n  
wi th  s t a n d a r d  N a O H  solut ion to  the  p h e n o l p h t h a l e i n  end  poin t .  F o r m a l d e h y d e  was  
e s t i m a t e d  by  the  c h r o m o t r o p i c  acid  p r o c e d u r e  5 wi th  a p p r o p r i a t e  p e r i o d a t e  b lanks .  
Ol igosacchar ide  r educ ing  e n d  g roups  were  d e t e r m i n e d  b y  hypo iod i t e  o x i d a t i o n  6. 
Theore t ic -0  iodine c o n s u m p t i o n  was o b t a i n e d  w i t h  a IO: i m o l a r  r a t io  of N a O H  :phos-  
p h a t e  es ter  (acid form) ; g rea t e r  or lesser a m o u n t s  of alkal i  gave  lower values .  Organ ic  
p h o s p h a t e  was  e s t i m a t e d  as desc r ibed  by  LELOIR AND CARDINI 7 a n d  m a n n o s e  b y  the  
SOMOC-YI--NELSON 8 procedure .  

Isolation of oligosaccharide phosphate esters 

A deca t ion ized  so lu t ion  of Y- I842  p h o s p h o m a n n a n  was  p r e p a r e d  b y  d isso lv ing  
2.0 g in IOO ml  of w a t e r  a n d  m i x i n g  in an  excess of sulfonic a c i d - t y p e  (H + form) 
c a t i o n - e x c h a n g e  resin, T h e  m i x t u r e  was  h e a t e d  in a sealed flask for 20 m i n  a t  xoo ° 
wi th  occas ional  mix ing .  As s h o w n  p rev ious ly  a, hydro lys i s  of the  acid- labi le  s e c o n d a r y  
p h o s p h o r y l  l inkages  does n o t  r equ i re  t h e  p resence  of resin. U n d e r  these  condi t ions ,  
the  resin does n o t  a l t e r  the  hyd ro lys i s ;  i.e., free m a n n o s e  is n o t  l ibe ra ted .  

Af te r  cool ing a n d  r e m o v a l  of the  resin b y  f i l t ra t ion,  t h e  h y d r o l y z a t e  was  n e u t r a -  
l ized to  p H  8.2 w i th  N a O H  a n d  excess z5 % b a r i u m  a c e t a t e  a d d e d  as desc r ibed  b y  
LE PAGE °. T h e  o l igosacchar ide  p h o s p h a t e  es ters  were  i so la ted  as  B a  s+ sa l t s  b y  t h e  
add i t i on  of 95 % m e t h a n o l ,  o v e r n i g h t  re f r ige ra t ion  a n d  cen t r i fuga t ion .  Af t e r  de- 
c a n t a t i o n  of the  m e t h a n o l i c  s u p e r n a t a n t  l iquors ,  the  p rec ip i t a t e s  were  d i sso lved  in 
w a t e r  a n d  Ba ~+ was  r e m o v e d  by  t r e a t m e n t  wi th  c a t i o n - e x c h a n g e  res in  (H+ form)  
before cha rac te r i za t ion .  

RES U LTS 

Characterization and yields of phosphomonoesters 

P a p e r  c h r o m a t o g r a p h i c  ana lyses  of Y - I 8 4  o , p h o s p h o m a n n a n  a u t o h y d r o l y z a t e s  3 
r evea l ed  t h e  presence  of b u t  a single spo t  w i th  a posi t ion  c o n s t a n t  s imi la r  to  t h a t  
g iven  in the  l i t e r a tu re  1° for a d i sacchar ide  m o n o p h o s p h a t e .  E x a m i n a t i o n  of au to -  
h y d r o l y z a t e s  by  p a p e r  ionophores is  in e i the r  o.x M b o r a x  or  o.o5 M b a r b i t a l  (6oo V, 
4 h) also gave  single spots  which  m i g r a t e d  s lower  t h a n  m a n n o s e  6 -phospha te .  T a b l e  I 
shows t h a t  f rac t iona l  m e t h a n o l i c  p r ec ip i t a t i on  as Ba  a+ sa l ts  reso lved  t h e  a u t o -  
h y d r o l y z a t e  in to  di- a u d  t r i s accha r ide  m o n o p h o s p h a t e s .  N o n e  of the  f rac t ions  w e r e  
d i s t i ngu i shab le  w h e n  e x a m i n e d  ind iv idua l ly  by  e i the r  p a p e r  c h r o m a t o g r a p h y  or  p a p e r  
ionophoresis .  

Biochim. Biophys. Acta, 69 (t963) 96--to2 
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T A B L E  I 

F R A C T I O Y A T I O N  O F  P H O S P H O R V L A T E D  O L I G ( " ; A C C t - t A R I D E  . ' ~ I I X T U R E  ( A S  B -'I~'+ S A L T S }  

W I T H  A Q U E O U S  M E T H A N O L  

T h e  m a n n o s e :  p h o s p h a t e  m o l a r  ~ a t i o  w a s  d e t e r m i n e d  a f t e r  h y d r o l y s i s  (4 N H . , S O  a f o r  75 r a i n  
. 2 5  ~ a t  I o o  °, s e a l e d  t u b e ) .  T h e  [0tjD v a l u e  w a s  c a l c u l a t e d  f o r  t h e  a c i d  f o r m .  C = 1 .o2 ,  o . 8 i ,  1 .86  a n d  

2 . 4 7  g / I o o  m l ,  r e s p e c t i v e l y .  T h e  r e d u c i n g  e n d  g r o u p / P  r a t i o  w a s  d e t e r m i n e d  b y  i o d i n e  t i t r a t i o n .  
P e r i o d a t e  c o n s u m p t i o n  v a l u e s  w e r e  o b t a i n e d  b y  e x t r a p o l a t i o n  t o  z e r o  t i m e  ( t h e o r e t i c a l :  6 . o  f o r  
t ~ r i s a c c h a r i d e ,  5 . o  f o r  d i s a c c h a r i d e ) ;  H C O O H  l i b e r a t i o n  a t  72 h ( t h e o r e t i c a l :  3 . o  in  a l l  c a s e s ) :  
C H ~ O  l i b e r a t i o n  m e a s u r e d  a f t e r  p e r i o d a t e  o x i d a t i o n  i n  o . I 2  N H o S O  4 f o r  x2o h a t  4 ° in  t h e  d a r k  

f t h e o r e t i c a l :  t . o  in  a l l  c a s e s ) .  T h e  o v e r a l l  P r e c o v e r y  ,vas  83  °~o. 

Peioda te  oxidation 
31annose: (moles~mole phosphate) Per cent 

,$1etlm~vol phosphate [atj25D Reducing rgC~T~d 
( % )  (mol~w carlo) end g o u p l P  Periodate HCOOH C l t . O  P 

consumed liberated liberated 

45  3 . t o  + 7 ° I.O r 5 . 8  3. I 0 . 7 6  18 T r i s a c c h a r i d e  
6 o  2 .13  --  28  ° x .05  5. t 3. z o . 8 3  x 4 D i s a c c h a r i d e  
67  2 . 0 0  --  37  ° 1-07 4- 7 3-4 z .05 27  D i s a c c h a r i d e  
72 x .95 - -  38  ° 0 . 92  t . o o  4 t D i s a c c h a r i d e  

The isolated phosphomonoesters  give but  I 2  and zo % of the expected reducing 
power values, respectively, wi th  alkaline copper ~ and ferricyanide n reagents.  This 
behavic -  is character is t ic  of 2-O-subst i tuted sugarsn ,  13. Similarly, the  oligosaccharide 
phosphates  do not  reac tn ,  x5 on paper  wi th  alkaline 2,3,5-triphenyl te t razol ium 
chloride spray  reagent ;  equivalent  amounts  of mannose 6-phosphate give a positive 
reaction, Under  the conditions described, however, the esters are quan t i t a t ive ly  
oxidized by  alkaline iodine. The reducing end g roup :P  ratios t hus  obta ined show 
t h a t  the  ester~ are monophosphoryla ted  oligosaccharides. 

Recovery  figures in Table I indicate tha t  the di- and  tr isaccharides are produced 
in a rat io of 82:x8, or approx. 4: I. Under  the autohydrolysis  conditions used, no 
free mannose  or mannose  6-phosphate  could be detected by paper  chromatography  3. 
The isolations and  character izat ions  cited thus  far have  been repeated in two other  
ins tances  wi th  essentially the same results. 

Periodate oxidation of phos#homonoesters 
The acid forms of the  phosphate  esters (44-57 #moles) were oxidized in the 

presence of excess sodium periodate (4oc #moles) over a period of 7z h. Al though 
t h e  react ion was carried out  Ju the  dark  at  4 ° and  at  pH 3, considerable overoxidation 
was noted.  The values for periodate consumption in Table I were obtained by  extra-  
polat ion of the straight- l ine overoxidation curves back to zero t ime (Fig. I). Formic 
acid product ion proceeded at  a much slower rate. The ra te  curves for the three 
fractions were near ly  identical  and, a l though giving evidence of overoxidation,  became 
asympto t ic  when a round  3 #moles HCOOH per Fmole ester were produced. 

Overoxidat ion by  periodate, t aken  together  wi th  the  periodate up take  and 
formic acid product ion values, implies t ha t  the z-O-linked reducing end groups react  
in the  open-chain form; the subs t i tu ted  malondialdehyde thus  formed would be 
readily oxidized by  periodate ~e. Reduction of the end group to the 2-O-mannitol 
derivat ive before periodate oxidation el iminated overoxidati0n wi thout  affecting the 
s toichiometry of periodate up take  (Fig. I) and  confirms this mechanism. T h a t  the 

B i o c h i m .  B i o p h y s .  A c l a ,  69  ( t 9 6 3 )  9 6 - I o 2  
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r educ ing  end  g r o u p  does  no t  b e a r  t he  p h o s p h o r y l  res idue  is e v i d e n t  f rom f o r m a l d e h y d e  
p r o d u c t i o n  (Table  I). Theore t i ca l  f o , ~ a l d e h y d e  l ibe ra t ion  was  o b t a i n e d  o n l y  w h e n  
t h e  p e r i o d a t e  ox~datio=, was  car r ied  ou t  u n d e r  m o r e  acidic condi t ions .  

. . . . . . .  ; . . . . . .  . . . - . . . . . - - . . . . . - . . . . . .  

[ 1 1  t I I I 
-~ o~4 a 18 32 4 4  8 o  
E 
:a. ox ic l= , t i on  t i m e .  h o u r s  

o~-- 

~ 0~p ¢Tt2 

~ 1171- "~G4 

o,-- o 
D 

Extr~oola t~ l  ".ralma$: 
~ JU m o l e s  N a [ 0 4  Ivrnok~ M U  
0.3 ~. , u rno les  HCOOf f l jum 'o i~s  M U  

L | ! I I I I i I [ I | I ] L 
2 4 6 8 10 12 14 

Oxidat ic~n t i m e .  c l ays  

Fig. i. Peziodate oxidation of the disaccharide Fig. 2. Periodate oxidation of intact Hansenula 
monophosphate (Q---~D) and the NaBH4-re- capsulata NRRL Y-I842 phosphomannan. 
duced oster ( 0 - - O ) .  Conditions: 4 °, dark; (D--Q, Periodate consumption; 0 - - 0 ,  
phosphate esters, 22.61tmoles each; NalOa, HCOOH production. MU = mannose unit. 
20o/tmoles; total volume 25 ml. As the un- 
reduced ester was used in the acid form, its reaction mixture was pH 21. The reduced ester was 
prepared by NaBH 4 reduction after neutralization. Before adding NaIO4, excess borohydride 

was decomposed by addition of 33 % acetic acid to pH 4.2. 

Periodate oxidation of  intact polymer 

I n t a c t  Y - I 8 4 2  p h o s p h o m a n n a n  (IOO mg,  K + salt) was  d i sso lved  in Ioo  m l  w a t e r  
c o n t a i n i n g  suff icient  N a I O  4 to  p r o v i d e  for t h e  c o n s u m p t i o n  of as  m u c h  as  3 equiv .  
per  ma~.nose un i t .  T h e  o x i d a t i o n  w a s  a l lowed  t o  p roceed  a t  4 ° in t h e  d a r k  ove r  a 
per iod  of x5 days .  Fig.  ~ i l l u s t r a t e s  t h e  r e su l t s  o b t a i n e d  b y  s a m p l i n g  t h e  r eac t ion  
m i x t u r e  (pH 6) ove r  th i s  pe_r4_'od. A f t e r  an  in i t i a l ly  r a p i d  o x i d a t i o n ,  a s lower  l inea r  
o v e r o x i d a t i o n  cu rve  was  ob t a ined .  As w i t h  t h e  o x i d a t i o n  of t h e  p h o s p h o m o n o e s t e r s ,  
i t  was  possible  to  cor rec t  for the  o v e r o x i d a t i o n  b y  e x t r a p o l a t i o n .  

T h e  po r t ion  of t h e  r eac t ion  m i x t u r e  r e m a i n i n g  a f t e r  I5  d a y s  was  deca t ion ized  
w i t h  a sulfonic  a c i d - t y p e  resin a n d  the  f i l t r a te  n e u t r a l i z e d  w i t h  excess  B a C O  3. A f t e r  
r e f r ige ra t ion  for seve ra l  days ,  t h e  r e l a t i v e l y  inso lub le  b a r i u m  sal ts  of i o d a t e  a n d  
p e r i o d a t e  were  f i l tered off. T h e  n e u t r a l  f i l t r a te  was  t h e n  t r e a t e d  w i t h  an  excess  of 
N a B H  4 a n d  a l lowed to  r e m a i n  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e .  Exces s  b o r o h y d r i d e  
was  d e c o m p o s e d  a n d  c a t i o n s  were  s i m u l t a n e o u s l y  r e m o v e d  f rom t h e  n o w  a lka l ine  
so lu t ion  b y  a d m i x t u r e  w i t h  su l fonic  ac id  resin.  T h e  r e d u c e d  o x y - p o l y m e r  was  h y d r o l y -  
zed b y  re f lux ing  t h e  acidic  resin f i l t r a te  (congo red  ind ica to r )  i .  5 h. A f t e r  cooling,  
t h e  h y d r o l y z a t e  was  lyophi l ized .  B o r a t e  was  r e m o v e d  f rom t h e  p r o d u c t  as t r i m e t h y l  
b o r a t e  b y  d isso lv ing  t h e  lyoph i l i zed  p o w d e r  in 95 % m e t h a n o l  a n d  d i s t i l l a t ion  a t  45 o 
( reduced  pressure) .  Th i s  s t ep  was  r e p e a t e d  five t imes .  

A f t e r  r e m o v i n g  m e t h a n o l  b y  a s t r e a m  of N=, t h e  res idue  was  t a k e n  u p  in wa te r .  
T h e  p h o s p h o r u s  in t h i s  so lu t ion  (pH 3. z) was  m a i n l y  in t h e  fo rm of o rgan ic  p h o s p h a t e .  
T h e  so lu t ion  was  a d j u s t e d  to  p H  6. 5 w i t h  o . I  N N a O H  a n d  c h r o m a t o g r a p h e d  on 
D o w e x - x - C l -  (see foot -note)  as desc r ibed  b y  BYRNE AND LARDY 1T. O n l y  a single 

" Mention of this product does not constitute an endorsement by the LI.S. Department o f  

Agriculture. 
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organic  p h o s p h a t e  peak  was  o b t a ; n e d  by  s tep-wise  g r a d i e n t  e lu t ion  wi th  o . o 2 5 - 1  1~ 
HC!. T h e  f ract ions  c o n t a i n i n g  the  phospb, a tc  c~ter were  pooled,  neu t ra l ized ,  a n d  
c o n c e n t r a t e d  by  lyophi l iza t ion .  E x a m i n a t i o n  by  p a p e r  c h r o m a t o g r a p h y  ~0 in t w o  
di f ferent  so lvent  sys t ems  (e thyl  a c e t a t e - a c e t i c  a c i d - w a t e r  (3 :3 :x )  a t  4 °, for 6 h, 

d e s c e n t  a n d  tert.-butyl a l c o h o l - w a t e r - p i c r i c  acid ( 8 o : 2 o : 2  g) a t  25 ° for 2o h, descent)  
ident i f ied  the  es te r  as glycerol  phospha t e .  Mannose  6 - p h o s p h a t e  was  no t  de tec ted .  
T h e  p h o s p h a t e  es te r  was  h y d r o l y z e d  in t h e  presence  of calf i n t e s t i na l  a lka l ine  phos-  
p h a t a s e  a n d  Mg ~+ (37 °, p H  9.2, 3 h). Af te r  c o n c e n t r a t i o n  b y  benzene  dis t i l la t ion u n d e r  
r educed  pressure ,  the  h y d r o l y z a t e  was  e x a m i n e d  b y  p a p e r  c h r o m a t o g r a p h y  wi th  
5 o,/o a m m o n i a c a l  A g N O  3 spray, r eagen t  *~ to  de t ec t  po lyhydr i c  alcohols.  Glycerol  was  
ident i f ied as the  sole c o m p o n e n t  wi th  two different  so lvent  sys t ems :  n - b u t y l  a l c o h o l -  
p y r i d i n e - w a t e r  ( l O : 3 : 3 ,  v/v)  for i 4 h ,  descen t  ~s, and  n - b u t y l  a l c o h o l - a c e t i c  a c i d -  
w a t e r  (4: l :~, v/v) for x h, ascent  ~. 

D I S C U S S I O N  

C o n s u m p t i o n  of one pe r ioda t e  e q u i v a l e n t  for each a n h y d r o m a n n o s e  un i t  du r ing  
ox ida t ion  of i n t a c t  Y- I842  p h o s p h o m a n n a n  ind ica tes  t h e  absence  of 1,3-glycosidic 
bonds .  T h e  comple te  d e s t r u c t i o n  of m a n n o s e  6 -phospha te ,  t o g e t h e r  wi th  it_ o, cc.~vcrshm 
to  a ~_h_~ee-carbon f ragi~ent ,  also e l imina tes  t h e  poss ibi l i ty  of 4 -O-subs t i t uen t s  on the  
p h o s p h o r y l a t e d  residues.  This  resul t  also carr ies  the  res t r i c t ion  t h a t  a n y  s t r u c t u r a l  
f o rmu la t i on  of the  o l igosacchar ides  m u s t  p r o v i d e  for g lyce r a ldehyde  3 - p h o s p h a t e  for- 
m a t i o n  u p o n  p e r i o d a t e  ox ida t ion .  Of the  permiss ib le  d i sacchar ide  m o n o p h o s p h a t e  
s t ruc tu res ,  only  the  x,2-1inked possibil i t ies could be p h o s p h o r y l a t e d  on e i ther  p r i m a r y  
h y d r o x y l .  T h e  p r o d u c t i o n  of fo rma ldehyde ,  t a k e n  t o g e t h e r  wi th  the  o t h e r  pe r ioda t e  
o x i d a t i o n  resul ts ,  c lear ly  es tabl i shes  the  s t r u c t u r e  of t h e  d i sacchar ide  p h o s p h a t e  as  
2-O-(6-O-phosphoryl-fl-D-mannopyranosyl)-D-mannose (Fig. 3,A). 

-O--~nO-{H2 C H~.OX 

k " '  "° 
_ . l l  

A OH=OH [ 

H 0 
II g 

B 

Fig. 3- Proposed structure for l-lansenula capsulata NRRL Y-x842 phosphomannan. 

T h e  opt ica l  r o t a t i o n  of t h e  t r i sacchar ide  es ter  ind ica tes  t h a t  it  con ta ins  b o t h  
**- a n d  f l -mannosyl  l inkages .  D u r i n g  p ro longed  au tohydro lys i s  of Y-1842 phospho-  
m a n n a n ,  free m a n n o s e  can be de tec t ed  before  m a n n o s e  6 - p h o s p h a t e  appears .  Tri-  
s accha r ide  p h o s p h a t e  was  no t  i so la ted  f rom an  a u t o h y d r o l y z a t e  h e a t e d  for 3 ° rain 
a l t h o u g h  t o t a l  p h o s p h a t e  r ecove ry  (ent i re ly  in t he  form of  the  d i sacchar ide  ester) 
w a s  s imi la r  t o  t h a t  descr ibed  in Tab le  I. A p p a r e n t l y  the  t r i sacchar ide  m o n o p h o s p h a t e  
con t a in s  an  add i t i ona l  m a n n o s y l  res idue a-I ,2-1inked to t h e  p h o s p h o r y l a t e d  m o i e t y  
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of the  d isacchar ide  (Fig. 3,B).  This  fo rmula t ion  agrees wi th  the  a p p a r e n t  acid lab i l i ty  
as well as w i th  the  per ioda te  ox ida t ion  resul ts ,  

D a t a  r epo r t ed  here,  t oge the r  w i th  those  p rev ious ly  ob ta ined  for the  p h o s p h a t e  
l inkages  a, suggest  the  po lyphosphod ies t e r  b a c k b o n e  s t ruc tu re  for Y - I 8 4  .o phospho-  
m a n n a n  i l lus t ra ted  in Fig. 3. I'f it is a s sumed  t h a t  eve ry  fifth d isacchar ide  un i t  
conta ins  an a p p e n d e d  ~ -mannosy l  uni t ,  corre la t ions  can be m a d e  wi th  the  pe r ioda te  
ox ida t ion  analys is  on the  in tac t  p o l y m e r  (Table II)'. The  posi t ive  ro t a t i on  of the  
~ -mannosy l  p h o s p h a t e  l inkage  m u s t  l a rge ly  cancel  the  nega t ive  ro ta t ion  con t r ibu t ion  
of the  f l - l inked disacchar ide  un i t  since b o t h  l inkages  are p resen t  in equal  amoun t s .  

TABLE II 
C O M P A R 1 G O N  B E T V ~ ' E E N  O B S E R V E D  P R O P E R T I E S  A N D  T H O S E  C A L C U L A T E D  F O R  P R O P O S E D  S T R U C T U R E  

Property Observed value Theoretical value 

Manuose : P molar ratio 2.5 2.2 
i_'~t~ s -- 2 o approx, o 
104- uptake per mannone unit i.o3 1.45 
HCOOH formed per mannose unit 0.31 0.45 

Biosynthetic implications 

The  repea t ing  d isacchar ide  p h o s p h a t e  b a c k b o n e  of the  s t r u c t u r e  dep ic ted  in  
Fig. 3 suggests  t h a t  Y- I842  p h o s p h o m a n n a n  b iosyn thes i s  occurs  via a l t e r n a t e  m a n n o -  
syl and  m a n n e s e  I - p h o s p h o r y l  t r ans fe r s  f rom a p recursor  such as guanos ine  di- 
p h o s p h a t e  m a n n o s e  (GPPM) : 

GPPM + M v GPP + M-M 

GPI'M + M-M > GP + M-P-M-M 

GI'PM + M-P-M-M ~ GPP + M-M-P-M-M 

GPPM + M-M-P-M-M---> GP + M-P-M-M-P-M-M, etc. 

S imi la r  phospho ry l  t rans fe rs  f rom nuc leo t ide  precursors  h a v e  been  d e m o n s t r a t e d  
in phospho l ip id  b iosyn thes i s  z° a n d  p o s t u l a t e d  for teichoic acid biogenesis  2x. As previ-  
ous ly  no ted  a, this  scheme accoun t s  for the  conf igura t ion  of the  ct-mannosyl  p h o s p h a t e  
l inkage since t h a t  b o n d  would  not  be d i s t u r b e d  du r ing  m a n n o s e  I -phosphoD,  I t r ans fe r  
f rom G P P M  to the  p r i m a r y  h y d r o x y l  of the  acceptor .  The  b iosyn thes i s  s t u d y  of 
MUNCH-PETERSEN z2 ind ica tes  t h a t  t he  m a n n o s y l  residue in G P P M  is of the  a -anomer ic  
conf igura t ion .  The  h y p o t h e t i c a l  scheme m a y  also accoun t  for our  inab i l i ty  to  ~nd  
a m a n n o s e - c o n t a i n i n g  nuc leo t ide  o the r  t h a n  G P P M  in ex t r ac t s  of H. holstii N R R L  
Y-2448 (see ref. z3). This  o rgan i sm produces  a less h igh ly  p h o s p h o r y l a t e d  phospho-  
m a n n a n  t h a t  has  a r e l a t ive ly  h igh  pos i t ive  specific ro ta t ionL  E v e n  so, t he  par t ic i -  
pa t ion  in p h o s p h o m a n n a n  b iosynthes is  of a man_nose nuc leo t ide  ana logous  to  t h e  
ur id ine  d iphospha t e -N-ace ty lg lucosamine -6 -phospho-x -ga l ac to se  , f rom hen ovi- 
duc t  z4-2a canno t  be ru led  out .  Whi le  o the r  m a n n o s y l  p h o s p h a t e  donors  a n d  accep tors  
m a y  be invo lved  in a l t e rna t i ve  p a t h w a y s ,  t h e  scheme given serves to  ra t ional ize  t h e  
p o l y m e r  s t r u c t u r e  in p laus ib le  biogenic te rms .  
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