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The use of N-acetylgIueosamine : agarose as an aeceptor in the galacto- 
syltransferase reaction 

Galactose incorporated 
(epm/3 h) 

Complete system �9 1154 
Minus enzyme 42 
Minus Mn e+ 111 
Minus adsorbent + CNBr activated 
ethanolamine inactivated agarose 62 
Minus adsorbent + p-aminophenyi 
galaetose-agarose 87 

~As described in Figure 2. 

s t i r r ing overnight .  The beads were subjected to hydrolysis  
wi th  2 N ItC1 a t  100~ for 4 h. The superna tan t  was 
deionized by  passing over  a mixed  ion exchange resin 
(Biorad No. AG501-XS), the  eluate lyophilized, redissolved 
in H20  and ~hromatographed on W h a t m a n  No. 1 paper  
in 2 solvent  systems:  1. butanol-pyr id ine-H20,  6 :4 :  3, 
for 33 h, and 2. pyr id ine-e thylace ta te -H20-ace t ic  acid, 
5 : 5 : 3 : 1, for 24 h. The paper  str ip containing the  radio- 
act ive  sample was cut  into 2.5 cm wide pieces and pu t  
into scinti l lat ion vials for counting.  The  sugar s tandards,  
including N-acetylglucosamine,  D-galactose, D-glucose 
and lactose were detected on the  chromatograms  by  the  
a lkal ine-AgNO a react ion ~. The label co-chromatographed 
in bo th  systems wi th  D-galactose. Prote in  was determined 
according to LowRY et  a l . t  

Result end discussion. Figure  1 shows the  purif icat ion 
of serum galactosyl t ransferase from 0.2 ml  of normal  
h u m a n  serum by  1 ml  of packed adsorbent .  The elut ion 
buffers A and 13 (for composi t ion cf. legend to Figure  1) 
are made  according to BARKER. Frac t ions  of 1 ml  were 
collected and dialyzed against  0.1 M Na-cacodyla te  

buffer, p H  7.4, before assaying for ac t iv i ty  and prote in  
concentrat ion.  The  increase in specific ac t iv i ty  var ied  
be tween 50- and 150-fold by  this  single purif icat ion step. 
The recovery  of ac t iv i ty  was close to 100% when measur-  
ed immedia te ly  af ter  dialysis, in agreement  wi th  the a lmost  
complete  deplet ion of galactosyl t ransferase ac t iv i ty  
f rom serum. The aff in i ty  column proved  suitable for the  
purif icat ion of soluble galactosyl transferases f rom differ- 
en t  sources such as fetal  calf serum, calf serum and human  
amniot ic  fluid. 

Labeling o/ the adsorbent. These exper iments  were 
carried out  wi th  par t ia l ly  purified galactosyl transferase 
f rom fetal  calf serum (150-fold purified) suspended in 
bovine serum a lbumin  (1 mg/ml) .  As demons t ra ted  by  
TRAYER and H I L L  9, the  purif ied galactosyl transferase 
required bovine  serum a lbumin  (1 mg/ml) for stabil iza- 
t ion of act ivi ty .  As shown in Figure  2, the  react ion wi th  
the  beads as acceptor  was l inear up to 3 h. The  Table  
demonst ra tes  t h a t  the  reaction,  as wi th  o ther  acceptors,  
required Mn ~+ and t h a t  agarose wi thou t  the  N-ace ty l -  
glucosamine arm could no t  act  as acceptor.  

These da t a  demons t ra te  t h a t  soluble galactosyl t rans-  
ferase can be purified by  aff in i ty  ch roma tog raphy  wi th  a 
sys tem similar s t ha t  described by  BARKER et al. 3 bu t  
using beads prepared by  a simple and rap id  method.  
BLOCH and BIJRGER 4 original ly made  these agarose beads 
for the  purif icat ion of var ious lectins. The main advan tage  
of this procedure lies in the  rap id i ty  of coupling the  ad- 
sorbent  to the  ac t iva ted  agarose, t ak ing  advan tage  of the  
p-n i t rophenyl  group as a spacer group a l ready a t t ached  
to different  sugars which are commercia l ly  obta inable  and 
inexpensive.  
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Abnormal ly  Soluble Collagen Produced in Fibroblasts  Cultures 1 

G. FRANCIS, PATRIClA V. DONNELLY and N. DI FERRANTE 

Laboratories o~ Connective Tissue Research, Department o~ Biochemistry, Baylor College o~ Medicine, Houston (Texas 
77030, USA), 77 December 1975, 

Summary. Abnormal ly  soluble collagen is synthesized in v i t ro  not  only by  skin f ibroblasis  of Marfan pa t ien ts  bu t  also 
by  those of pat ients  wi th  Ehlers-Danlos  type  V and cutis laxa. The excessive solubi l i ty  of collagen is corrected by  the  
addi t ion  to the  cul ture  med ium of a synthet ic  f lavonoid,  (+) -ca techin .  

In  1973 PRIEST, MOINUDDIN and PRIEST ~ demons t ra ted  
t h a t  cul tured skin f ibroblasts  der ived f rom pa t ien ts  
affected by  Marfan syndrome produced a collagen which 
was more soluble than  normal.  Al though  the  molecular  
defect  responsible for this excessive solubi l i ty  was no t  
identified,  the  authors  concluded t h a t  the  findings were 
i m p o r t a n t  because t h e y  migh t  lead to the  clarif icat ion of 
t he  basic defect  of the  disease and migh t  be useful for 
ear ly  and possibly prenata l  diagnosis. 

We repor t  here tha t  the  synthesis of excess ively  soluble 
collagen is no t  a pecul iar i ty  of Marfan cul tured fibro- 
blasts because i t  occurs also in cultures of f ibroblasts  from 
pat ien ts  affected respect ive ly  by  the  sex-l inked form of 
Ehlers-Dall los (Type V) a and by  the  autosomal  recessive 
form of cuffs laxa. Moreover,  the  addi t ion of a synthe t ic  

f lavonoid capable of stabil izing collagen 4 to the  cul ture  
med ium of the  var ious types  of m u t a n t  f ibroblasts  s tudied 
decreased the  abnormal  solubi l i ty  of thei r  collagen, while 
i t  did no t  affect  the  solubil i ty of the  collagen synthesized 
by  normal,  control  fibroblasts. 

1 Supported by grants from the National Institutes of Health 
(Nos. AM-10811, HL-05435, GM-19513 and GM-00081), the 
National Fondation-March of Dimes, and Zyma, S.A,, Nyon, 
Switzerland. 
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Mater ia ls  and methods. P u n c h  skin  biopsies  were per-  
fo rmed  u n d e r  1% proca ine  local anes thes ia .  T h e f i b r o -  
b la s t s  used h a d  u n d e r g o n e  f rom 3 to 10 doub l ings  f rom 
t h e  p r i m a r y  cu l tu re  a n d  n o n e  of t h e m  h a d  b e e n  s to red  in 
l iquid  n i t rogen .  The  cells, ca r r ied  in s t a t i o n a r y  cu l tu res  
w i t h  M E M  med ium,  Ea r l e ' s  base,  s u p p l e m e n t e d  w i t h  10 % 
fe ta l  calf  serum,  nones sen t i a l  aminoac ids  and  an t ib io t i c s  5, 
were cu l tu red  a t  37~ in 5% CO2-95 % air, h u m i d  a t -  
mosphere .  The  m e d i u m  was changed  eve ry  3 d a y  a n d  t he  
cells were s u b c u l t u r e d  once a week. 

W h e n  t he  ceils b e c a m e  conf luen t  in  a 75 cm 2 F a l c o n  
p las t ic  flask, t h e y  were h a r v e s t e d  b y  t r y p s i n i z a t i o n  and  
inocu la t ed  in to  a rol ler  f lask c o n t a i n i n g  t h e  same cu l tu re  
m e d i u m  s u p p l e m e n t e d  w i t h  50 ~g of sod ium asco rba te  per  
ml.  The  f lasks were p laced  in a New B r u n s w i c k  rol ler  d r u m  
a n d  r o t a t e d  a t  1/4 r p m  for  a per iod  of 4-5  days.  W h e n  t he  
cells b e c a m e  con f luen t  t he  m e d i u m  was replaced,  a n d  
pa i red  cu l tu res  of t h e  same  l ine were e i t he r  r ep len i shed  
w i t h  t he  same  m e d i u m  ( supp lemen ted  wi t t l  ascorbate)  
or w i t h  t h e  same  m e d i u m  c o n t a i n i n g  in add i t i on  200 ~zg 
of ( + ) - c a t e c h i n  pe r  rot. Af te r  a d d i t i o n a l  3 clays in  c u l t u r e  
t h e  cells were h a r v e s t e d  b y  t ryps in i za t i on ,  col lected b y  
cen t r i fuga t ion ,  w a s h e d  once w i t h  ice-cold 0.9% NaC1 a n d  
s tored  f rozen un t i l  ana lyzed  for col lagen c o n t e n t  and  
solubi l i ty .  

E a c h  b a t c h  of h a r v e s t e d  f ib rob las t s  was  s equen t i a l l y  
e x t r a c t e d  for  48 h a t  4~ w i t h  s t i r r ing,  w i t h  7 ml  of t h e  
fol lowing so lven t s :  a) 1.0 M NaC1 buf fe red  to p H  7.5 w i t h  
0.05 M Tris-HC1; b) 0.5 M acet ic  acid;  and  c) 4 M gua-  
n i d i n i u m  chloride.  Af te r  each  ex t rac t ion ,  t he  res idue  was 
o b t a i n e d  b y  cen t r i f uga t i on  a t  12,000 g for  90 rain.  E a c h  
e x t r a c t  was  d ia lyzed  aga ins t  dis t i l led w a t e r  and  lyophi -  
lized. 

The  f inal  res idue  a n d  t he  va r ious  lyophi l ized  e x t r a c t s  
were h y d r o l y z e d  for 24 h a t  100~ w i t h  6 N HC1; t h e  
h y d r o l y s a t e s  were b r o u g h t  to  d ryness  u n d e r  vacuo,  dis- 
so lved  in  a m i n i m u m  v o l u m e  of dis t i l led w a t e r  and  du-  
p l i c a t e  a l iquo ts  were used to measu re  h y d r o x y p r o l i n e  
accord ing  to  t h e  m e t h o d  of SWITZER a n d  SUMNER 6. 

Resul ts  and discussion. T he  t ab l e  shows t he  resul t s  of 
t h e  ana lyses  pe r fo rmed  on l ines of f ib rob las t s  de r ived  
f rom 2 n o r m a l  con t ro l  ind iv iduals ,  2 M a r f a n  pa t i en t s ,  1 
p a t i e n t  w i t h  Eh le r s -Dan los  Type  V and  1 w i t h  t he  au to -  
somal  recessive t y p e  of cut is  laxa.  

The  a m o u n t s  of h y d r o x y p r o l i n e  found  in each  e x t r a c t  
a n d  in t he  f ina l  res idue  are expressed  as pe r cen t  of t h e  
t o t a l  h y d r o x y p r o l i n e  in a g iven  cell line. The  open  
f igures r ep re sen t  t he  d i s t r i b u t i o n  of h y d r o x y p r o l i n e  in t he  
var ious  so lven ts  w h e n  t he  cells were cu l t u r ed  in t he  me-  
d i u m  s u p p l e m e n t e d  w i t h  a sco rba te  on ly ;  t h o s e e n c l o s e d  
in pa r en the se s  r ep re sen t  t h e  d i s t r i b u t i o n  of h y d r o x y -  
prol ine  in t he  va r ious  so lvents  w h e n  t he  cells were g rown 
in presence  of ( + ) - c a t e c h i n  a n d  ascorba te .  

The  resul t s  o b t a i n e d  ind ica te  t h a t  excess ively  soluble  
col lagen is syn thes i zed  b y  t he  cu l tu red  f ib rob las t s  of t he  
var ious  p a t i e n t s  s tudied ,  despi te  t he  f ac t  t h a t ,  unques t i on -  
ably,  t h e y  r ep re sen t  p h e n o t y p e s  of d i f fe ren t  genet ic  
defects.  Thus ,  t he  f ind ing  of an  excess ively  soluble 
collagen in cu l tu res  of I ibroblas ts ,  whi le  n o t  p a t h o g n o -  
monte  for a single molecu la r  defect ,  m i g h t  be  useful  for 
t he  s t u d y  and  t he  p r e n a t a l  d iagnosis  of va r ious  gene t ic  
defects  i nvo lv ing  col lagen syn thes i s  or i ts  p o s t - r i b o s o m a l  
modi f ica t ions .  However ,  t h e  resul t s  o b t a i n e d  w i t h  t he  
cu l tu red  f ib rob las t s  of t h e  M a r i a n  p a t i e n t s  sugges t  t h a t  
t he  f indings  be  i n t e r p r e t e d  w i t h  due  cau t ion .  W h e n  those  
f ib rob las t s  were cu l tu red  for  5 days  i n s t ead  of 3, t h e  
col lagen p roduced  b y  t he  cells of case 2 u n d e r w e n t  a 
s p o n t a n e o u s  process of m a t u r a t i o n ,  l ead ing  to  t h e  fo rma-  
t i on  of cons iderab le  a m o u n t s  of insoluble  collagen. A 
s imi lar  p h e n o m e n o n  ha s  been  descr ibed  p rev ious ly  b y  
MACEI~ e t  al.L The  same per iod  of cu l ture ,  however ,  pro-  
duced  on ly  a v e r y  m o d e s t  change  in t h e  so lub i l i ty  profi le  
of t he  col lagen syn thes ized  b y  t he  ceils of case 1. Whi l e  
these  f ind ings  m a y  be  r e l a t ed  to  t he  recognized v a r i a b i l i t y  
of M a r i a n  p a t i e n t s  s, t h e y  sugges t  t h a t  a r igid s t a n d a r d i z a -  
t ion  of cu l tu re  cond i t ions  be  obse rved  if a d iagnos t i c  
va lue  ha s  to '  be  ascr ibed  to  t h e m .  
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Hydroxyproline extracted from cultured fibroblasts of 2 normal controls, 2 Marian, 1 Ehlers-Danlos type V and 1 cuffs laxa patients 

Phenotype Total hydroxyproline Percentage extracted in 
(~g) 

Neutral salt Acetic acid Guanidinium C1 Insoluble residue 

Normal 1.85 18.4 11.1 19.4 51.0 
(2.06) (13.3) (21.3) (24.0) (41.3) 

Normal 1.71 10.4 19.3 15.7 54.4 
(1.40) (10.7) (13.2) (36.4) (40.0) 

Marian 1 2.0 21.3 11.8 9.2 57.6 
(1.9) (6.2) (7.0) (li.6) (75.2) 

Marian 2 2.6 24.5 14.6 17.9 43.0 
(2.5) (11.4) (11.1) (7.2) (70.2) 

Ehlers-Danlos V 2.0 31.5 6.9 30.0 31.5 
(1.5) (10.9) (27.3) (9.0) (52.8) 

Cuffs laxa 6.2 30.9 3.2 33.9 31.8 
(1.5) (17.2) (17.7) (17.3) (47.8) 

Marian 1 4.4 15.8 16.6 18.6 50.8 
5 days (2.0) (5.8) (7.8) (13.4) (73.3) 

Marian 2 3.2 11.1 10.6 8.4 69.8 
5 days (3.1) (7.8) (8.9) (5.6) (77.6) 
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The addi t ion of 200 ~g of (+ ) -ca tech in  to the  cul ture  
media  of the  var ious type  of m u t a n t  f ibroblasts produced 
invar iab ly  a considerable decrease in the a m o u n t  of 
neut ra l  salt-soluble collagen and an increase in the  a m o u n t  
of the  insoluble one. 

I n  the  case of the  I ibroblasts  f rom the  pa t i en t  wi th  
cuffs laxa, the  so lub i l i ty  profile of the  collagen was 
shif ted toward  a normal  pa t t e rn  and the  excessive amoun t  
of collagen produced,  as indicated by  the  level of in t ra-  
cellular hydroxyprol ine,  was decreased to normal  levels, 
to  suggest  t h a t  an adequate  level of insoluble collagen 
migh t  exercise some feed-back control  on the  process of 
collagen synthesis.  

When  the  f lavonoid was added to the  med ium of nor- 
mal,  control  fibroblasts, changes in collagen solubi l i ty  
were min imal  and, indeed, the  a m o u n t  of insoluble colla- 
gen decreased. 

Al though the  exac t  mechanism of act ion of ( + ) -  
catechin in decreasing collagen solubi l i ty  is no t  clearly 
defined, two hypotheses  have  been proposed:  1. t h a t  in 
complex wi th  copper  ions, i t  migh t  increase the  ox ida t ive  
deamina t ion  of lysine e-amino groups, especially in ab- 
sence of lysyl oxidase s; 2. t h a t  i t  migh t  establish hydro-  
gen bonds between adj scen t  collagen chains ~ and, possibly, 
covalent  bonds th rough  format ion  of free radicals.  

The effectiveness of the  f lavonoid in decreasing the  
solubil i ty of collagen produced by  skin fibroblasts de r ived  
f rom different  genotypes  would favor  a non-specific 
mechan i sm of act ion ra ther  t han  a specific one. 
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Heavy Metal Hydrolys i s  of Po ly i sopreno id -Phosphate  Mono-  and Ol igosaccarides  t 

P. ZATTA 

Molecular Biology Division, Veterans Administration Hospital, d 150 Clement Street, San Francisco (Cali/ornia 9412 l, USA),  
8 December 1975. 

Summary. Mono- and oligosaccharide der iva t ives  of dolichol phosphate  can be hydrolyzed by  heavy  metal ,  preferably  
Zn++ at  100 ~ or  65 ~ The react ions follow first order kinetics. The react ion proceeds th rough hydrolysis  of the  sugar 
phospha te  bond. 

Long-chain  polyisoprenoid compounds  funct ion as 
glycosyl  c~rriers in biosynthesis  of complex  polysaccha-  
rides of bacter ia  s, s, yeasts  s, plants4, s and animals6, ~. 
The  first  react ion in these pa thways  is the  t ransfer  of 
single sugar residue f rom sugar nucleot ide to the pho- 
sphoryl  der iva t ive  of dolichol 2, s, a Cs0-C~00 polyisoprenoid 
alcohol s. These sugar residues are bel ieved to be t rans-  
ferred v ia  a series of l ip id-bound oligosaccharide inter-  
media tes  ~. Character iza t ion  of these pa thways  requires 
s t ruc tura l  analysis of the  oligosaccharide chains bound to 
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- - ,  Kinetics of Zn ++ hydrolysis at 100~ , Zn ++ 0 M; - - - 
Zn ++ 10-aM; . . . .  , Zn ++ 10 -~ M; Ao = 1.99. 

dolichol. I t  would be faci l i tated by  a technique  for split- 
t ing of the  in tac t  ol igosaccharide por t ion from the  lipid- 
por t ion  of the  in termediate .  A mild procedure for hydrolyz-  
ing polyisoprenoid-phosphate-sugars  has been developed 
and is presented in this paper.  

Materials and methods. Dolichol-phosphate-mannose-  
[14C]10 (DPM); a dolichol-phosphate-glucose[14C] 7 (DPGlu) 
were prepared  according to the  l i te ra ture  in the  
following way.  50 ~1 GDP-mannose[14C] (20 ~Ci/ml) or  
50 ~1 UDP-glucose[l~C] (20 ~Ci/ml, bo th  purchased 
f rom New Eng land  Nuclear,  was incuba ted  wi th  10 ~1 
MgC1 s 0.1 M.  15 ~1 A M P  20 mM,  60 ~1 iris-buffer p H  7.5 

= 0.25, 100 ~1 microsomes (35 mg/ml  of protein).  Af te r  
15 rain a t  37~ the  reactions w.ere s topped wi th  1 ml  of 
chloroform, methanol ,  water  (60 : 40 : 8). The  organic 
phases were collected and washed several  t imes  wi th  a 
solution of chloroform, methanol ,  wa te r  (1:16 : 16). 
Dol ichol-P-P-N-acetyl -g lucosamine [14C] (DPPNAG) was 
prepared according to GHALAMBOR et  al. 11 and separated 
f rom Dol ichol-P-P-dichi tobiose  by  thin  layer  chromato-  
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