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S U M M  A R Y 

In  c o n t i n u a t i o n  ()f ,]m~eaii0ms ~otdt  from this  l abora to ry ,  a sy s t em was  developed 
cons is t ing  of par~idles ~0tm ct,)tk,m: h o m o g e n a t e s  s ed imen t ing  a t  zoooo --'. g (after 
r emova l  of whole ceffats ~amatl dittD~i~ ~t: xooo g), wh ich  could effect ne t  syn thes i s  of 
mucopotysacchar~de~rmx~t  I ~ m ~ 0 ~ e s  from glucose 6 -phospha te ,  g lu t amine ,  AT P. 
UTP,  D P N  and  ~g~'~. ~Wlhet~a~ ~ whole hornogena te  had  an abso lu te  r e q u i r e m e n t  
for, at  least ,  ATP,  ~.']l'IP: .madt ID)IP3~, rdae par t ic les  requ i red  at  least  glucose 6 -P  and  Mg 2". 
The  average  of m u c o ~  ,dkx . ~ m ~ _ ~ - b o u n d  hexosamines  formed was  2.8/~moles/Io,~ mg 
p ro te in  for whole  ~mao~.-dm~e.. y.3;tzm()les for the  20000 ~. g par t ic le  suspension,  
a n d  0 .6 /zmole  for  ~]ae , f l ~ ,  aaadd microsome fract ion on i n c u b a t i o n  for 3 h a t  37 o 
Histological  exar~i~a~tii0m .:qh0~ed] r2ie par t ic les  to  be cell-free, bacter iological  tes t s  
(af ter  i n c u b a t i o n s  ~ ,~_~_l~_~om~,¢e~m, which gave  no rma l  mucopo lysaccha r ide  syn-  
thesis)  revea led  ~ao . ~ a ~  ¢~ota~_n~.mination. The  fo rmat ion  of mucopo lysacchar ide -  
b o u n d  hexosamhaes  d ] a ~  mm a.tpproximately l inear  re la t ionsh ip  wi th  the  a m o u n t  
of p ro t e in  in  t h e  ~maiidl~_ iinmtflba~ed_ ~[ucopolysacchar ide  syn thes i s  wa_s lower wi th  
UDP-glucurolf iC acid .amdt [UqD)llV-axzetwlglucosamine as s u b s t r a t e s  in place of glucose 
6-P.  The  level  oI . x * m e 0 ~ ~ ~ n : ~ 4 d ~ - b o u n d  h e x o s a m i n e s  formed by  whole homo-  
g e n a t e s  of v i t ~  _A-~fidiemt m ~  was reduced  to 0 .27 /zmole / Ioo  mg of pro te in ,  
b y  v i t a m i n  A-defici~ra [ p ~  ~o, less t h a n  o . I /~mole .  Comple te  r e s to ra t ion  of the  
l a t t e r  to  t h e  nolxmd tea, d] ,01t mru:opoiysacchar ide  syn thes i s  w i t h  added  v i t a m i n  A 
was  not  possible,  ~ ,~0mlkll t~, m,). res tored  by  add ing  a me tabo l i t e  der ived  from 
v i t a m i n  A acid. 

L ~ T R O D U C T I O N  

Prev ious  work  f rom ~ l ~ , o t ~ o r v  has  d e m o n s t r a t e d  the  effect of v i t a m i n  A on 
the  b iosyn thes i s  of,rrmGott~0 .tlgna~¢t~:rrides in ra t  colon 1-*. In  o rder  to  m a k e  an a p p r o a c h  
t o w a r d s  t h e  i d ~ c a m ~ m  ,0~t ~t50. reac t ion  .step or s teps  in which  the  v i t a m i n  par t ic i -  

A b b r e v i a t i o n :  ~ ,  .mauu~I~l/~yr .~nmclaaride. 
" P r e s e n t e d  in  p ~ t = ~ t  ~ 4t7Itt~ .Xxm~n:~l _~[eeting, F e d e r a t i o n  o f  A m e r i c a n  S o c i e t i e s  fo r  E x p e r i -  

m e n t a l  B i o l o g y ,  --ktl~rrtric ~Gii~_,:. c~-a~ 
' '  P r e s e n t  a d d r e s s "  ~ n l m t n m  o~ 2 g u t r i t i o n ,  F o o d  S c i e n c e  a n d  T e c h n o l o g y .  M a s s a c h u s e t t s  

i n s t i t u t e  o f  T e c h n o l o g y ,  < ;m~i~md~t ;  ~ s .  ( U. ft. A. ). 
" ' *  P r e s e n t  a d d r e ~ :  ,~tixmii~m ,~i~ _.x\n~,na! N u t r i t i o n ,  A n i m a l  S c i e n c e s  L a b o r a t o r y ,  U n i v e r s i t y  

o f  I l l i no i s ,  U r b a n a ,  Lid. ' ~ _ ~ _ ~  .... 
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pa tes ,  a t e c h n i q u e  was  deve loped  for t h e  b iosyn thes i s  of M P S  b y  colon h o m o g e n a t e s ,  
m e a s u r e d  by a ne t  increase  in M P S - b o u n d  h e x o s a m i n e s  4. I t  was  shown  t h a t  in 
v i t a m i n  A deficiency,  this  syn thes i s  was  severe ly  depressed ,  a n d  could  be pa r t i a l l y  
r e s to red  specifically by  t h e  a d d i t i o n  of smal l  a m o u n t s  of v i t a m i n  A. 

I,~ the  p re sen t  s tudy ,  a f r ac t i ona t i on  of colon h o m o g e n a t e  was  ca r r ied  out  in 
o rder  to ob t a in  t h a t  cel l - f ract ion in wh ich  M P S  is syn thes ized .  I n  v iew of p rev ious  
resu l t s  f rom our  l a b o r a t o r y  s, a n d  the  fact  t h a t  severa l  of t he  k n o w n  e n z y m e s  of 
M P S  syn thes i s  occur  in t he  cell-sap, it was  su rp r i s ing  to  us to f ind t h a t  M P S  syn thes i s  
t ook  place in cell pa r t i c l e s  s imi la r  to  (or iden t i ca l  with)  m i t o c h o n d r i a .  

EXPERIMENTAL 

Mater ia ls ,  m e t h o d s  a n d  a n i m a l s  used  were  e x a c t l y  iden t i ca l  w i t h  those  desc r ibed  
p rev ious ly  4, w i t h  the  fol lowing excep t ions .  A b o u t  2 g of c l eaned  r a t  colon w a s  homo-  
gen ized  in buffer,  as de sc r i bed  4. W h o l e  cells were  r e m o v e d  f r o m  t h e  h o m o g e n a t e  by  
c e n t r i f u g a t i o n  a t  i ooo  × g for IO rain,  a n d  t h e  s u p e r n a t a n t  suspens ion  w a s  i n c u b a t e d  
for 3 h a t  37 ° in air  as  de sc r i bed  4. A t  t he  e n d  of t h e  i n c u b a t i o n  per iod ,  t h e  r eac t ion  
was s t o p p e d  b y  h e a t i n g  to  xoo ° for 3 min .  Dia lys i s  a n d  hyd ro lys i s  fol lowed 4, a n d  t h e  
assay  of t he  r e su l t i ng  h e x o s a m i n e s  w a s  done  as  desc r ibed  p rev ious ly  4. 

For  e x p e r i m e n t s  in wh ich  pa r t i c l e  su spens ions  were  used,  t h e  s u p e r n a t a n t  ob- 
t a i n e d  f rom the  c e n t r i f u g a t i o n  of t h e  h o m o g e n a t e  a t  IOOO × g was  r e - cen t r i f uged  a t  
2oooo :< g for 2o min .  The  r e su l t i ng  pe l le t  was  i n c u b a t e d  a f te r  r e - suspens ion  in  t h e  
s ame  vo lume  of buffer  so lu t ion .  T h e  s u p e r n a t a n t  of t h e  c e n t r i f u g a t i o n  a t  20000  ~: g 
was  used  as t h e  " m i c r o s o m e  a n d  ce l l - sap"  f rac t ion .  

A microscopic  e x a m i n a t i o n  of t h e  pa r t i c l e  suspens ion  a f te r  s t a i n i n g  w i t h  
m e t h y l e n e  blue  r evea l ed  no whole  cells. M a n y  whole  cells cou ld  be seen in the  pel le t  
f rom the  IOOO >: g cen t r i fuga t ion .  T h e  par t i c le  suspens ion ,  a f t e r  i n c u b a t i o n  w i t h  
c h l o r o m y c e t i n  (7-5 tzg/ml) showed  no bac t e r i a l  g r o w t h  u p o n  i n c u b a t i o n  on n u t r i e n t  
aga r  p l a t e s  for 48 h. 

To  o b t a i n  the  ac t ive  m e t a b o l i t e  of v i t a m i n  A acid,  five v i t a m i n  A-def ic ient  r a t s  
were  each  i n j e c t e d  w i th  6.1 m g  [laC_qvitamin A acid  (2.27 IzC) (ob t a ined  t h r o u g h  
c o u r t e s y  of Professor  O. W l s s ,  of H o f f m a n n - L a  Roche  Co.) i n t r a p e r i t o n e a l l y  in 0. 5 rnl 
of saline.  The  r a t s  were  ki l led  a f t e r  24 h,  t h e  i n t e s t i ne s  r e m o v e d ,  c l eaned  w i t h  cold 
0. 9 o~,:o sal ine so lu t ion  a n d  g r o u n d  up  w i t h  a n h y d r o u s  s o d i u m  sul fa te .  T h e  m i x t u r e  
was  t h e n  e x t r a c t e d  5 t i m e s  w i t h  smal l  p o r t i o n s  of p e t r o l e u m  e t h e r  (Skelly F).  T h e  
c o m b i n e d  e x t r a c t s  were  e x t r a c t e d  twice  w i t h  5 lift 6 % s o d i u m  b i c a r b o n a t e  solut ion.  
The  a q u e o u s  e x t r a c t  was  t h e n  carefu l ly  acidif ied w i t h  2 N HC1, a n d  e x t r a c t e d  5 t i m e s  
w i t h  the  s a m e  v o l u m e  of e ther .  T h e  e t h e r  so lu t ion  was  d r i ed  over  a n h y d r o u s  Na2SO,  
a n d  the  so lven t  r e m o v e d  u n d e r  r e d u c e d  p ressure .  T h e  res idue  ( f rom all  five rats)  
(0.0044/~C) showed  an u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  w i t h  inf lect ions a t  3 I o - 3 1 5  
a n d  335 m/z. I t  h a d  been  shown  p rev ious ly  b y  es ter i f ica t ion  of t he  acids  f r o m  t h e  
in t e s t ine  ~ i t h  d i a z o m e t h a n e  and  f r a c t i o n a t i o n  of t he  es ters  on a c o l u m n  of de-ac t i -  
v a t e d  a l u m i n a ,  t h a t  v i t a m i n  A ac id  is a b s e n t  f rom th is  ma te r i a l .  I t  was  d isso lved  in 
d i lu te  s o d i u m  b i c a r b o n a t e  so lu t ion ,  the  p H  a d j u s t e d  to  7.z, a n d  a l iquo ts  were  a d d e d  
to  t h e  pa r t i c le  suspens ion  as  shown  in T a b l e  I X .  

Biocl,.im. Biophys. Acta, 69 (z963) 524-532 



5 2 6  G. ~,VOLF, J .  G. B E R G A N ,  P. R. S U N D A R E S A N  

R E S U L T S  A N D  DISCUSSION 

In  order  to c a r r y  out  a ce l l - f rac t iona t ion  of ra t  colon w i t h  respect  to  M P S - s y n t h e s i z i n g  
capa c i t y ,  the  s y s t e m  p rev ious ly  deve loped  ~ was used,  w i t h  r emova l ,  first,  of t he  nuclei ,  
whole cells a n d  debris .  Tab le  I shows t h a t  u n d e r  these  c i r c u m s t a n c e s  MPS-syn thes i s ,  
as m e a s u r e d  b y  ne t  increase  in M P S - b o u n d  hexosamines ,  con t inues  to func t ion .  
In  fact ,  if c a l cu l a t ed  per  IOO rag of p ro te in ,  it  i nc reased  f rom a b o u t  I.O to a b o u t  
z . 5 / , m o l e s  of M P S - b o u n d  h e x o s a m i n e s  formed.  Some of the  r e q u i r e m e n t s  of th is  

T A B L E  I 

M I _ Y C O P O L Y S ; A C . C H A R I D E  S Y N T H E S I S  B Y  C O L O N  H O M O G E . ~ A T E S :  R E Q U I R E . ' q F - N T S  

R a t - c o l o n  h o m o g e n a t e s  w e r e  p r e p a r e d  a n d  i n c u b a t e d  w i t h  c o - f a c t o r s  ( t o t a l  v o l u m e ,  2 ml :  p r o t e i n  
p e r  i n c u b a t i o n  a s  shown}  fo r  3 h a t  37-  in a i r  a s  d e s c r i b e d  in t h e  t e x t .  Z e r o - t i m e  s a m p l e s  w e r e  
h e a t e d  t o  b o i l i n g  a n d  d i a l y z e d ,  e tc .  w i t h o u t  i n c u b a t i o n .  C o - f a c t o r s  a d d e d  t o  e a c h  s a m p l e :  g l u c o s e  
6 - P ,  2 o / , m o l e s ;  L - g l u t a m i n e ,  3 ° / , m o l e s ;  A T P .  2 / , m o l e s ;  U T P ,  4 / , m o l e s ;  I ) P N ,  I / , m o l e ;  N a 2 S O  v 
t t,  m o l e ;  MgCIo.. t o  p m o l e s .  E a c h  n u m b e r e d  e x p e r i m e n t  r e f e r s  t o  a c o l o n  f r o m  a s e p a r a t e  a n i m a l .  
D a t a  w i t h i n  e a c h  n u m b e r e d  e x p e r i m e n t  r e f e r  t o  r e p l i c a t e  d e t e r m i n a t i o n s  of  z e r o - t i m e  v a h e s  or  
v a l u e s  a f t e r  i n c u b a t i o n ,  e a c h  m a d e  o n  s e p a r a t e  a l i q u o t s  o f  t h e  s a m e  h o m o g e n a t e .  CS s igni f ies  
" ' c o m p l e t e  s y s t e m " .  V a l u e s  in t a b l e  r e fe r  t o  t o t a l  m u c o p o l y s a c c h a r i d e - b o u n d  h e x o s a m i n e s  pe r  
s a m p l e .  In  E x p t s .  i a  a n d  2a,  i n c r e a s e s  in h e x o s a m i n e s  u p o n  i n c u b a t i o n  s t a t i s t i c a l l y  s ign i f i can t ,  

p < ~  o . o r .  

Hc.rosamines Average hexosamines Hexosamim's  
Expt .  Addi t ions  Protr~n Hexosamines  .4vcrage after Average fi~rmed formed  zero-time per  zoo mg 

¢ m g) (pg)  ¢ tag) inc .bat  ion ( t tg j  protei~r 
(.ug) ( lagj ( Itmoles) (ltmolcs) 

i a  C S  i t . o  - '84.0 305 .6  
2 7 3 . 5  353 .6  

2 0 2 . 4  305 .6 
3 - 9  .2 55-7 o .312  ~-84 

2a  CS 9-4 - ' 5 7 - 6  300 .0  
252-0  253-9 304-8 289.8  35-Q O.20! 2.14 
2732.0  3 O O . O  

- '52.8 

z b  - - U T P  - 4 1 . 6  - -  o o o 
--DPN - '57.6  --- 3.7 0 .027  0 .20  
- -  A T P  2 5 2 . 8  - -  0 . 8  O . O O  5 0 , 0 5  

-- G l u t a m i n e  30o .0  - -  46- :  o . 2 5 7  2.77 

T A B L E  I I 

ML'COPOLYSACCHARIDE SYNTHESIS BY COLON HOMOGENATES FROM 
VITAMIN A-DEFICIENT RATS 

M e t h o d s  u s e d ,  c o - f a c t o r s  a d d e d  a n d  d a t a  e x p r e s s e d  i d e n t i c a l  w i t h  t h o s e  s h o w n  in T a b l e  I. 
V a l u e s  in t a b l e  r e f e r  t o  t o t a l  m u c o p o l y s a c c h a r i d e - b o u n d  h e x o s a m i n e s  p e r  s a m p l e .  

A verage hexosamine Hexosam tnes Hexosamines  Protein Hexosamines  Average Average formed  formed  per 
zero-time alter i ~ u b a t i o n  

(rag) r '~g) ( IJg) ( t~g) (IJg) i oe g protein 
• ' (HgJ f'~moles) (I ~ molesj 

8.5 72-6 88 .6  
x i r .o 95-7 ! o 2 . o  
I o 3 . - "  xoo.2 

t o9 .2  
98 .4  

9 9  .6 3-9 o . o z z  o .  27  

B i o c h i m .  B i o p h y s .  , 4 e t a ,  6 9  ( I963)  5 2 4 - 5 3 2  
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T A B L E  I I I  

MUCOPOLYSACCHARIDE SYNTHESIS BY (~OL~UN P.~Mir'flC~,.ES 

M e t h o d s  u sed ,  c o - f a c t o r s  a d d e d  a n d  d a t a  e x p r e s s e d  i d e n t i c a l  w i t h  ~ i n  T a b l e  I ,  e x c e p t  t h a t  
a p a r t i c l e  s u s p e n s i o n  ( 2 o o o o  × g) i n s t e a d  of w h o l e  h o m o g e n a t e  w a s  i tm~[~ated.  V a l u e s  in  t a b l e  

r e f e r  t o  t o t a l  m u c o p o l y s a c c h a r i d e - b o u n d  h e x o s a m i ~ e ~  p e r  ~ m p l e .  

Hezosam ines Hvxosamincs A ~  ~ ttexosamines 
l'roteitz zero-time Average after i~wubation Average # n e d  form,  d per 

(rag) ( pg) ( Hg) (/jg) ( ttg) zoo  mg tn, otein 

3-4 00.8 I51.2 
76.8 87.4 io6 .8  
78.8 153.6 

Io3.2 I85 .6  
160.8 
I32 .O 

148.o 6 o . 6  o-34 xo.o 

T A B L E  I V  

MUCOPOLVSACCHARIDE SYNTHESIS BY COLON MICiR~_~__I~_ ~-'~'ID C~.I.I_-S~ 

M e t h o d s  u sed ,  c o - f a c t o r s  a d d e d  a n d  d a t a  e x p r e s s e d  i d e n t i c a l  w i t h  t h o s e  ~ o w n  in  T a b l e  I, e x c e p t  
t h a t  t h e  m i c r o s o m e  a n d  ce l l - s ap  f r a c t i o n  w a s  u s e d .  V a l u e s  i n  t a b ~  r~ Ie r  t o  t o t a l  m u c o p o l y -  

s a c c h a r i d e - b o u n d  h e x 0 s a m i n e s  p e r  s a m p l e .  

H exosamim's Hezosamine.s A ~  &rataammimes Hexosamines 
l'rote , n Average after A varage ~ [ o ~  per E.rpt. (rag) zero-titPle ( ltg] ( /4g) incubation ( ~g) zoo mg protein 

( t~ g ) ,( ~ a e pm~,,,s) ( ~,motes) 

x 3 . 0  

2 6.8 

42-4 44 .8 
34.8 39.6 40.4 
34.0 48.8 
47.2 

4%6 58.o 
43.2 56.8 
49.6 4q.7 52.8 
54.4 62 .o 
52 .8"  61.2 

4 3 . 6  4 . o  o . o z 2  o . 6 i  

58. x '8-4 o -o47  0 .69  

* I n c u b a t e d  w i t h o u t  c o - f a c t o r s .  

T A B L E  V 

MUCOPOLYSACCHARIDt~ SYNTHESIS BY COLON P&RTICL~;S IN pR~F-_XI~I~ OF CH~LOROMYCETIN 

M e t h o d s  u sed ,  c o - f a c t o r s  a d d e d  a n d  d a t a  e x p r e s s e d  as  sho~aa i n  T a b l e  IV .  C ~ o r o m y c e t i n  (I5 p g )  
w a s  a d d e d  t o  e a c h  i n c u b a t i o n .  V a l u e s  in  t a b l e  r e f e r  t o  t o t a l  m u c ~ p o i x ~ t o c h a r i d e - b o u n d  h e x o s -  
a m i n e s  p e r  s a m p l e .  A t  t h e  e n d  of t h e  i n c u b a t i o n ,  a g a r  p l a t e s  m e r e  i n c r u s t e d  w i t h  i n c u b a t i o n  
m i x t u r e s .  A f t e r  24 h i n s i g n i f i c a n t  b a c t e r i a l  g r o w t h  (15o cells/mE)_ Affter  4S h i 34  c e l I s / m l  w e r e  

p r e s e n t .  

ttr_ :xo.~amisws Hexosamines . J ~  ~ ble~osam*ncs 
t'roWin =cro-t;.mc .4 l'¢'ragt: after A v c r a ~  ~ formed per 

(rag) ( t,e ) ( Hg) incubativn ( pg) zoo mg protein 
( t,g) (~gJ ! ~ )  ( umoles) 

_'.I 183.2 209.2 
153.2 160.1 
102. 4 240.4 

2 2 4 - 0  57-9 o.J-" .$ 15. 4 

Biocgdm. BaopJ_t~_ .4da ,  69 (x963) 5 2 4 - 5 3 2  
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sys t em,  for U T P ,  D P N  a n d  ATP,  b u t  not  for g lu t amine ,  which  is p r e s u m a b l y  a l r eady  
presen t ,  are  also shown in Tab le  I. As i l l u s t r a t ed  in Tab le  I I ,  t he  s y s t e m  is v i t a m i n  
A - d e p e n d e n t ,  in t h a t  the  va lue  of h e x o s a m i n e s  fo rmed  b y  colon h o m o g e n a t e s  f rom 
deficient  ra t s  d r o p p e d  p rac t i ca l ly  to  zero. 

As p rev ious ly  4, the  h igh  zero- t ime va lue  for M P S - b o u n d  hexosamines ,  due  to  
the  h igh  MPS c o n t e n t  of colon,  was  a cause for concern .  In  order  to  e l imina te  the  
u n c e r t a i n t y  due  to th is  c i r cums tance ,  a t  least  t h ree  ant i  usua l ly  a la rger  n u m b e r  
of d e t e r m i n a t i o n s  were  car r ied  ou t  on .separate a l iquo t s  of t he  same  h o m o g c n a t e  o t  
par t ic le  suspens ion ,  before (zero- t ime value) a n d  a f te r  i ncuba t ion .  S ta t i s t i ca l  t e s t s  
showed  t h a t  the  increases  in M P S - b o u n d  h e x o s a m i n e s  were h igh ly  s ignif icant .  

Cell f r ac t i ona t i on  r evea led  t h a t ,  c o n t r a r y  to  expec t a t i on ,  the  M P S - s y n t h e s i z i n g  
a c t i v i t y  of t he  p r e p a r a t i o n  res ided in the  f rac t ion  con t a in ing  par t ic les  s e d i m e n t i n g  at  
20ooo :*: g. (Table I I I )  r a t h e r  t h a n  in the  mic rosome  a n d  cel l-sap f rac t ion  (Table IV). 
T h a t  th i s  resul t  was  no t  due  to  c o n t a m i n a t i o n  of t h e  pa r t i c le  suspens ion  by  whole  
cells was  d e m o n s t r a t e d  b y  the  absence  of whole  cells f rom the  p r e p a r a t i o n  af te r  
s ta in ing ,  u n d e r  cond i t i ons  when  whole  cells were eas i ly  seen in the  f rac t ion  s e d i m e n t i n g  
at  i o o o  >: g. Bac t e r i a l  c o n t a m i n a t i o n  was  exc luded  b y  c a r r y i n g  out  t he  i n c u b a t i o n  
of t h e  pa r t i c les  in p resence  of c h l o r o m y c e t i n  (Table V), when  a s imi la r  level of M PS 
s3mthesis was  ach ieved ,  b u t  no bac te r i a l  g r o w t h  was  de t ec t ab l e  a f te r  p l a t i n g - o u t  
t h e  suspens ion  on n u t r i e n t  agar .  

T A B L E  V I  

,'~,IUCOPOLYSACCHARIDE S Y N T H E S I S  BY COLON PARTICLES:  REQUIREMENTS 

M e t h o d s  u s e d ,  c o - f a c t o r s  a d d e d  a n d  d a t a  e x p r e s s e d  a s  s h o w n  in "Fable  I I I .  V a l u e s  in t a b l e  r e f e r  
t o  t o t a l  m u c o p o l y s a c c h a r i d e - b o u n d  h e x o s a m i n e s  p e r  s a m p l e .  C S  s i g n i f i e s  " c o m p l e t e  s y s t e m "  

.'| verqt:t" H e x o s a m D l c . g  
H e x o s a  m i n e s  1~!c ~' ' ~a m in ,-.¢ h e x o ~ a m ,  ~¢..~ 

E x p t .  A d d t t  l o n g  P r o t , ' D ;  .4 t ' e r a g  a f t e r  .4 v c r a £  f o r m ¢ ' d  f o r m e d  p e r  
z e r o .  t t ~m¢ ( t t ¢ ) i~ u u  b a t  io 7 t ( u g :  i o o m g p r o t e  i ~ 

( t t g ]  ( H g )  ( t t m o l e s )  ( t g m o h ' s )  

l C S  2 . 3  

- . Y I g C  ! z 

2 C S  t . t )  

--  MgCI  2 

3 C S  3 .3  

- - - G - 6 - P  

56 .4  S o . o  
6 6 . 4  5 b . 9  9o .  8 
4 8 . 0  72 .o 

~0.~ 

6 2 .  4 

51 .2  

24-0  4 3 . "  
28 .8  26 .2  4 8 . 4  
2 8 . 0  

32  .O 
3 2 . o  

I 1 2 . o  I 3 3 . 6  
I x7.¢) lO7.2  135.(,  
92 .  4 I 3 2 . o  

I O 2 . O  
IO7.0  
I 2 8 . o  

8 2 . 4  2.5.5 o. I42  6 .2  

5 6 . 0  o o o 

4 5 . 8  I 9 . 6  o. i o 9  6 . 8  

3 2 . 0  5 . S  0 . 0 3 2  2 , o  

I 3 3 . 8  - ' 0 . ~  o .  i 4 9  4 . 5  

i t 2 . -  .5.0 0 . 0 2 8  0 . 8  
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A study of the requirements of the particle system (Table VI) showed that  at 
least Mg ~+ and glucose 6-phosphate are needed. Fig. r illustrates the approximately 
linear relationship between protein incubated and MPS synthesized by the particle 
suspension. ~Arhen comparing the activity of whole homogenate (Table I) and that  
of the particle suspension (Tables III ,  V and VI), it can be seen that ,  on a basis of the 
amount of protein incubated, a 2- to 4-fold purification of the system has been 
obtained. 

6 0 . 0  

5 0 . 0  - 

. ~  4 0 . 0 -  

o r )  

• F= 3 0 . 0 -  
o .  

20_0 

I 0 . 0  

! 

1.0 

- T l  
] T : 

'1 
" / t  ! / :/ 
', / 'J 

/ . 
' : / i  

t .  l , .  ! 
0 2.0 3.0 4.0 

Protein Incubated (mg) 

Fig.  ] .  E x p e r i m e n t  s h o w i n g  t h e  v a r i a t i o n  of M P S - b o u n d  h e x o s a m i n e s  f o r m e d  w i t h  p r o t e i n  incu-  
b a t e d  in t h e  p a r t i c l e  s u s p e n s i o n  u n d e r  c o n d i t i o n s  d e s c r i b e d  in T a b l e  t l I .  0 ,  t h e  h e x o s a m i n e s  

s y n t h e s i z e d  for  e a c h  leve l  of p r o t e i n  i n c u b a t e d ;  + ,  t h e  a v e r a g e s  of e a c h  incub~-.tion. 

In previous work from this laboratory, it had been found that  upon fractionation 
of pig-colon mucosa, an enzyme fraction could be obtained in the supernatant  solution 
after centrifugation at 105000 x g, which catalyzed the incorporation of labeled 
sulfate and glucose into MPS, and was influenced by vi tamin A (ref. z). Our present 
results differ from tiffs work, in that  MPS synthesizing activity, measured by net 
increase of MPS-bound hexosamines, is found in the particle suspension sedimenting 
at 20000 / g .  No explanation h~s been found for this difference beyond the fact that 
in the previous work the particle suspension was not tested by itself, and may have 
shown higher activi ty than the supernatant  solution. There is, of course, the possibility 
of a species difference, since only the rat was used in the experiments presently re- 
ported whereas pig colon was used before. It is noteworthy that  SCmLLER et al .  ~ 

found a particle suspension sedimenting at 20000 × g from ia t  fetus skin to effect 
hyaluronic acid synthesis. 

A further difficulty is due to the fact that  most of the enzymes which synthesize 
the precursors of MPS are known to be located in the cell-sap, e.g. ,  t h e  UDP-glu- 
curonic acid forming enzym e6 and the sulfate activating enzym e7 (sulfurylase). It is 
possible that  these enzymes also exist in tile MPS-synthesizing particles of colon, 

Bioc~'~m. Biopkys.  A a a ,  69. (x963) 5 2 4 - 5 3 2  
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T A B L E  V I I  

M I J C O P O L Y S A C C I t A R I D E  S Y N T H E S I S  B Y  C O L O N  P A R T I C L E S  W I T H  U R I D I N E  N U C L E O T I D E $  

M e t h o d s  u s e d  a n d  d a t a  e x p r e s s e d  a s  in  T a b l e  IV ,  C o - f a c t o r s  a d d e d  t o  e a c h  i n c u b a t i o n :  U D P -  
a c e t y l g l u c o s a m i n e ,  I / , m o l e ;  U D P - g l u c u r o n i c  a c i d ,  i / u m o l e ;  a c e t y l g l u c o s a m i n e ,  i H m o I e :  A T P ,  
2 . s p m o l e s ;  D P N ,  2 .5  / * m o l e s  ; U T P ,  t / , m o l e ;  MgCI~,  t o / t m o l e s ;  N a z S O  4, i t t m o l e .  V a l u e s  in 
t a b l e  r e f e r  t o  t o t a l  m u c o p o l y s a e c h a r i d e - b o u n d  h e x o ~ q a m i n e s  p e r  s a m p l e .  C S  s i g n i f i e s  " c o m p l e t e  

s y s t e m " .  

H ex osa mines A verage Hexosami~es 
Exp t .  Addi t ions  Protein Hcxosamirk's hcxosarnines foTmed per :cro-tim¢ .4 t, erage a/tcr .4 t,eragc /ormed 

(rag) ( t ,g)  (itS) im'ubation (rig) zoo mg protein 
(lJgl (iLg) ( l ,  moles; (itmoles) 

I C S  z . o  

2 C S  t .o  

--  N a z S O ,  

6 5 . 6  78 .4  
6 8 . 4  O7.b  7- ' .0  
69 .  z 76 .8  

8 2 . o  

- '6 .0  
2 6 . o  
2 2 . 8  

24 .4  

77-5 0 . 9  0 . 0 5 5  z . 5  

3 2 .O  

3 0 . 0  3 t - 7  7.3 o - o 4 I  4 .I 
3 0 . 0  
3 3 . z  

3 t . 2  
3 t .z z9 .4  5 .0  0 . 0 2 8  z .8  
2 7 . 6  

T A B L E  V I I I  

T H E  I N F L U E N C E  O F  V I T A M I N  A O N  M I r c o P O L Y S A C C H A R 1 D E  S Y N T H E S I S  B Y  C O L O N  P A R T I C L E S  

, M e t h o d s  u s e d ,  c o - f a c t o r s  a d d e d  a n d  d a t a  e x p r c s s e d  a s  s h o w n  in  T a b l e  I I I .  C o l o n s  w e r e  f r o m  
v i t a m i n  A - d e f i c i e n t  r a t s .  V i t a m i n  A a d d e d  I z . 5 .  t o - a p m o l e s )  in  s u s p e n s i o n  in  b o v i n e  s e r u m  
a l b u m i n ,  V a l u e s  in  t a b l e  r e f e r  t o  t o t a l  m u c o p o l y s a c c h a r i d e - b o u n d  h e x o s a m i p ,  e s  p e r  s a m p l e .  

C S  s i g n i f i e s  " c o m p l e t e  s y s t e m " .  

He rosamines A T,erage Hexo.mra~rw.s 
Hexosamines hexosamines 

Exp t .  Addit ions l~ote in  zero-time ,4 verage after ,4tteragc formed formed per 
(mS) ( ttg) (I~g) i n c ~  ion (iLg) goomg protein 

(Pg; (t~g) (ttmoles) (Itmoles) 

z C S  I.O 70 .8  6 1 . 6  

6 5 . 6  

+ V i t a m i n  A 

z C S  i .O 6 1 . 2  - 

6 8 . 3  6 5 . 6  o o o 

+ V i t a m i n  A 

6 9 . 6  

75 .6  
t"5 .6 74 .3  6 . 0  
75 .6  
7o .8  

6 2 . 8  
59 .2  65 .  t 3 . 9  
73-2 

6 2 . o  
6 8 . 0  62 -3  t. 1 
5 7 . 6  
6 t . 2  

0 . 0 3 3  

O . O _ _  

o. o o 6  

3-3 

1.4 

o . 4  

a possibility currently being investigated in this laboratory. Preliminary data indicate 
that particles sedimenting at 200o0 >~ g as well as the supernatant solution contain 
sulfurylase act ivi ty  (unpublished observations by the authols).  It is of intelest  to 
note that the particle suspension does not yield a greater amount of MPS in presence 
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T A B L E  I X  

T H E  I~X~FLUENCE O F  A V I T A M I N  A A C I D  D E R I V A T I V E  ON M U C O P O L Y S A C C H A R I D E  S Y N T H E S I S  

B Y  C O L O N  P A R T I C L E S  

Methods  used, co-factors  a d d e d  a n d  d a t a  expressed as shown in Table  I I I .  Colons were  f rom 
v i t a m i n  A-deficient  rats .  "Cpd .  I I I "  r epresen t s  the  me tabo l i t e  of v i t a m i n  A acid refer red  to  in the  
text .  CS signifies " c o m p l e t e  s y s t e m " .  Values  in tab le  refer  to  to ta l  m u c o p o l y s a c c h a r i d e - b o u n d  

h e x o s a m i n e s  per  sample .  

Hexosamincs Avcrag¢ Hexosamines 
i tczosamines , lwxosamines formed per 

Expt.  .4d.4itions Protein zero-lim¢ .4verag¢ after Average formed 
(rag) (leg) ( pg ) incubation ( l~g) too  mg protein 

( Pg ) ( pg) ( timoles) ( pmotcn) 

1 C S  1 . 4  

+ C p d .  I I l  
(8 pg) 

49.b 
6 z . o  
54.o 

z CS 0.94 70.4 
80 4 

62.8 
55.I 54.0 58.3 3.2 

80.0 
68 4 69.4 ~4-3 
64.o 
67.2 

72.8 
75.4 8x.2 76.6 1.2 

76.o 

+ C p d .  I I I  
(8 pg) 

+ C p d .  111 
( x 6 pg} 

o.o18 1.3 

0.079 5- 7 

o,oo7 o.7 

Ioo.o 95.z t9.8 o . Io9  I 1.6 
90.4 

95.6 
80.4 
83.z 85. 9 1o, 5 0.058 6.z 
84.4 

of UDP-actylglucosamine and UDP-glucuronic acid than merely glucose 6-phosphate, 
as shown in Table VII. It is likely that  colon MPS contains moieties other than those 
directly derived from UDP-glucuronic acid and UDP-acetylglucosamine, such as 
sialic acid and fucose. Therefore, the system would be expected to be less efficient in 
incorporating the sialic acid and fucose moieties of MPS when supplied with UDP- 
glucuronic acid and acetylglucosamine, than with glucose 6-phosphate. 

Particles from vitamin A-deficient rats showed much reduced MPS synthesis. 
With_ whole homogenatO, it has been possible to restore this activity to normal, 
or even above, by adding vitamin A. With  the particle suspensions presently used, 
restoration of activi ty was low or absent (Table VIII) .  This suggests that  the vitamin 
itself acts not as such but  is first changed into an "active form", a change effected by 
another cell-fraction than the particles. That  this is actually the case is demonstrated 
in Table IX. The active metabolite was obtained by injecting vitamin A-deficient 
rats with labeled vitamin A acid, and extracting intestinal lipids with ether. Labeled 
acidic material  was re-extracted from the ether solution with bicarbonate as described. 
Upon incubation, this acidic lipid material  free from vitamin A acid but  derived 
from it, completely reactivated deficient particle suspensions to normal (Table IX). 
Fur ther  work regarding the nature of this active metabolite is in progress. 

B i o c h i m .  B i o p h y s .  .4eta, 69 (x963) 524-532 
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I n  c o n c l u s i o n ,  a s  c a n  b e  s e e n  f r o m  t h e  s u m n m r v  T a b l e  X ,  i t  h a s  b e e n  f o u n d  t h a t  

t h e  M P S - s y n t h e s i z i n g  a b i l i t y  o f  c o l o n  h o m o g e n a t e s  r e s i d e s  m a p a r t i c l e  p r e p a r a t i o n  

s e d i m e n t i n g  a t  ~ o o o o  >: g ,  a n d  t h a t  t h i s  p r e t m r a t J o n  i s  s t r o n g l y  d e p e n d e n t  o n  t h e  

v i t a a n i n  A s t a t u s  o f  t h e  a n i m a l ,  t h o u g h  n o t  o n  ~-~lamfin A i t s e l f ,  b u t  p r o b a b l y -  a 

m e t a b o l i t e  o f  i t .  

T A B L E  X 

M U C O P O L Y S A C C H A R I D E  S Y N T H E S I S  13"$" CELL ~"~.~¢-'-gflC~.~ FRO3[ RAT COLON 

Cell fraction 

.~g~o.~ysa~:c karide-bound 
~xo,~amines formed 
l~e~ too mg proteD'. 

"-~.~,,~6ated for ~ h at :7" 
(.~,m,ges) 

Whole  h o m o g e n a t e  (normal)  
Whole  h o m o g e n a t e  ldeficienti  
.Microsomes + cell-sap !normal l  
Par t ic les  {normalI 
Par t ic les  ¢deficient 1 
l~articles Ideficient + v i t a m i n  A! 
I 'ar t ic les  !deficient m v i t a m i n  A acid m~eza~,d~¢,. 

2.S4; z. t4; 2.77 
~.27 

~>.o; e,.2: t,.,~: 4.,5 
~.~: r.3: o.7: o 
3-3; 0.4 
5,-7; r r f.,, t~.2 
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T h i s  i n v e s t i g a t i o n  w a s  s u p p o r t e d  b y  a g r a n t  f r o m  t h e  N a t i o n a l  V i t a m i n  F o u n -  

d a t i o n ,  I n c .  
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