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Affinity Chromatography of Soluble Galactosyltransferases Using an Easily Synthesized N-Acetyl-  
g lucosamine-Agarose  Bead 1 

E.  G. BERGER~, M. M. WEISER a n d  K .  J. ISSELBACHER 

Department o/ Medicine, Harvard Medical School and Gastrointestinal Unit, Massachusetts General Hospital, Boston 
(Massachusetts 02174, USA), 11 December 7975. 

Summary. Agarose derivatized with p-nitrophenyl-N-acetyl-fl-D-glucosamine was used for affinity chromatography 
for soluble galactosyltransferase from various sources. Moreover, this adsorbant acts as an acceptor for galactose when 
incubated with prepurified galactosyltransferase. 

Work by BARKER et al. s has previously shown that  
N-acetylglucosamine linked to agarose by a hexanolamine 
spacer specifically adsorbs galactosyltransferase. The 
linkage of this spacer to the adsorbing sugar and then to 
CNBr-activated agarose involved complicated chemical 
synthetic steps. The adsorbing beads, e.g., N-acetyl - 
glucosamine-agarose, had also been shown to serve as an 
acceptor for galactose using their purified galactosyl- 
transferase from whey a. 

Recently BLOCH and BURGER 4 described a new method 
for Covalently attaching sugars to agarose beads which is 
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Fig. 1. Affinity chromatography of human  serum galacfosyltrans- 
ferase on p-aminophenyl-N-acetyl-/~-glueosamine: ogarose. Elufion 
buffer A: Na-eacodylate 0.1 M; MnCI~ 0.025 M; UN[P 0.0005 M. 
Elution buffer B: Na-eaeodylate 0.1 M; NaC1 0.04 M; urea 1.5 M; 
N-aeetylglucosamine 0.005 M; EDTA 0.025 M; fl-mereaptoethanol 
0.005 M. 
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Fig. 2. Time dependency of galaefosylation of p-aminophenyl-N- 
acetyl-fl-D-glucosamine: agarose beads by partially purified fetal 
calf serum galaetosyltransferase. The assay mixture contained in a 
final volume of 0.12 ml; 50 txl partially purified fetal calf serum 
galactosyltransferase, stabilized with BSA (1 mg/ml); 0.154 M 
NaC1; 0.1 M Na-eaeodylate pH 7.4; 0.025 M MnCle; 4.8 ~xM UDP- 
[1-aHlgalaetose (1.17 Ci]mmole); 25 Ezl adsorbant acceptor. 

rapid and simple. In  a reduction step, p-nitrophenyl- 
derivatives of various sugars were used to produce an 
agarose bead linked to a sugar by an aminophenyl group. 
We have found the N-acetylglucosamine:agarose beads 
made by this method were useful in the purification of 
various soluble galactosyltransferases. These same beads 
have also been shown to act as galactose acceptors for 
purified galactosyltransferases. 

Materials and methods. CNBr-activated agarose was 
purchased from Pharmacia Fine Chemicals, p-nitro- 
phenyl derivatives of N-acetylglucosamine and galactose 
were from Sigma Chemical Company and UDP-D-[1-SH] 
galactose (1.17 Ci/mmole) and UDP-D-[U-laC] galactose 
(25S mCi/mmole) were from New England Nuclear 
Company. Fetuin (Spiro method) was obtained from 
Gibco. 

The specific affinity adsorbents were made according 
to BLOCH and BURGER ~. Est imation,of  the amount  of 
sugar bound to agarose was performed by measuring the 
difference in adsorbance at 290 nm in the supernatant  
before and after coupling. The molar extinction for the 
free p-aminophenyl-N-acetyl-fl-D-glucosamine was de- 
termined to be 0.282 • 10 a. The final concentration of 
ligand was usually around 1 ~mole/ml of wet agarose. 

Galactosyltramferase assay. The standard assay mixture 
with a total volume of 0.1 ml contained 0.1 M Na caco- 
dylate, pH 7.4, 25 m M  MnCI~, 6.8 vM UDP-D-[1-3H] 
galactose and 0.2 mg of the glycoprotein acceptor fetuin 
from which the terminal sialic acid and penultimate 
galactose had been removed (SGF-fetuin) as previously 
described 5. Incubat ion was performed for 1 h at 37 ~ and 
the reaction stopped by adding 1 ml of ice-cold 5% phos- 
photungstic acid in 2 N HC1. The precipitate was filtered 
and washed with ice-cold ethanol and the activity counted 
on filters in scintillation vials as previously described a. 

In  experiments using adsorbent as acceptor for galac- 
tose, the packed adsorbent was diluted 1 : 1 with 0.154 N 
NaCI, suspended evenly and pipetted into the assay tubes. 
The assay was carried out in a shaking water bath and 
stopped by adding ice-cold 0.1 M NaC1, centrifuged, 
decanted, washed twice and then poured over glass fibre 
filters. 

Product identification. The adsorbing beads were 
labeled by adding 8.7 vM UDP-D-[U-14C] galactose to 
the same assay as described above, and the beads were 
eluted from the glass fibre filters into water by vigorous 
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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. 
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