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M e a s u r e m e n t of s ia lyl - t ransferase activity in isolated 
co lon ic mucosa l cells of the rat 

I. O . O L U B U Y I D E , A . P. C O R F I E L D , J . B. R A I N E Y * A N D J. R. C L A M P 
Departments of Medicine and Surgery*, Bristol Royal Infirmary, Bristol, U.K. 

Summary 

An assay fo r s ia ly l - t ransferase activity in 
isolated rat co lonic mucosa l cells h a s b e e n de-
veloped. To ta l a n d specif ic activi ty with asialo-
bovine s u b - m a n d i b u l a r g land g lycopro te in and 
endogenous s u b s t r a t e s w a s a p p r o x i m a t e l y two-
fold higher in the p r o x i m a l , re la t ive to the 
distal, co lon . T h e s e act ivi t ies w e r e similar 
when asialo-cx-acid g lycopro te in was used as 
substrate . E n d o g e n o u s activity was approx i -
mately 10-fold lower than with e x o g e n o u s 
substrates in b o t h prox imal a n d distal colonic 
segments. Ana lys i s of to ta l a n d specif ic sialyl-
transferase activity u p to 7 w e e k s a f t e r j e j u n o -
ileal bypass ( J IB) a n d s h a m o p e r a t i o n s h o w e d a 
marked increase at t h e first w e e k , dec reas ing 
towards no rma l by w e e k 7. Similar d i f f e r e n c e s 
between proximal a n d distal co lon , a n d with the 
type of subs t r a t e , w e r e found with b o t h g r o u p s 
of opera ted an ima l s . I l i s tochemical analysis 
showed small e l eva t ions a f t e r 1 week for sialo 
and su lphomucins a f t e r the J I B o p e r a t i o n only. 

Resume 

Un essai pour l 'activite s ia ly l - t ransferase d a n s 
les cellules mucosaux du co lon d ' u n rat isole a 
etc deve loppe . L 'act ivi te to ta le et spcc i f ique 
d une glande g lycoprotc ine s u b m a n d i b u l a i r c 
asialo-bovine et les subs t ra tes c n d o g e n i q u c s 
ctaient p rcsquc deux fois plus g r a n d s d a n s 
Ic proximal en rela t ion au co lon dis tal . Ces 
activites e ta ient similaires q u a n d le glyco-
proteine asialo-acide a etc utilise c o m m e sub-
strate. L'activite e n d o g e n i q u e etait en plus 
has prcsquc dix fois q u ' a v e c les subs t r a t e s 
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exogeniques dans tous les deux segments du 
colon (proximal et distal). L 'analysc totale 
et spccifiquc de l'activite sialyl-transfdrasc 
jusqu 'au sept semaincs apres en derivation 
( J IB) jc juno- i lea l et une operat ion a montre 
une augmentat ion dans la premiere semaine 
diminuant a normal dans la sept id me semaine . 
Les dif ferences similaires ont ct<3 t rouve dans le 
colon proximal et distal avec Ic type de sub-
strates dans les animaux op<5r£s. L'analysc 
histochemical a montre un petit elevation apres 
une semaine pour sialo et sulphomucines dans 
Toperation JIB seulenient . 

Introduction 

T h e goblet cells of the colonic mucosa are 
responsible for the format ion of the mucus 
glycoprotein secreted into the colonic lumen. 
T h e mucus glycoproteins contain sialic acid 
and have been well documented histochemi-
cal ly 11.2|. 

Sialyl-transferase activity has been repor ted 
in rat and human colon, and changes have been 
de tec ted which are associated with malignant 
disease [3-6). The histochemical changes ob-
served dur ing malignancy have also been de-
scr ibed. and particularly reflect the change in 
sialic acid moiet ies in the diseased tissue [7.8| . 

I l istochemical analyses of colonic mucosal 
hyperplasia in ulcerative colitis (9-11) a p p e a r 
similar to those found in the colon a f te r the 
j c juno- i l ea l bypass ( J IB) opera t ion | 12 , I3 | . As 
no biochemical analysis of diseased or o p e r a t e d 
tissue for sialyl-transferase activity has been 
repor ted it was dec ided to deve lop such an 
assay for isolated colonic mucosal cells, and 
assess ils value in the first few weeks a f t e r J I B 
and sham opera t ion as a moni to r of mucosal 
change. 
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Mater ia ls and methods 

Eighteen male S p r a g u e - D a w l e y rats ( O l a c Ltd , 
Bices ter , U . K . ) weighing 300.2 ± 4.1 g (mean 
± s .e .n i . ) were randomly al located to receive 
sham bypass ( j e juna l t ransect ion, i leotomy and 
re su tu re ) , and ( 8 5 % ) J I B . the equivalent of the 
opera t ion used for the t r ea tment of morbid 
obesity in man . T h e animals received oxoid SGI 
diet ( I I . G . Styles a n d Sons , Bewdley, U . K . ) 
and wa te r ad libitum throughout the experi-
men t . Q u a r t e r s were lit in a l te rna te 12 h-cycles. 
Four non-opera ted animals were killed at the 
beginning of the exper iment and two each at 1. 
3 and 7 weeks , while 1-week post -opera t ion and 
subsequent ly at 2-week intervals, two opera ted 
animals (one sham bypass and o n e rat with J I B ) 
were killed by e the r anaes thes ia . Laparo tomy 
was p e r f o r m e d and the ent i re colon r emoved . 
T h e colon was opened longitudinally and 
divided into proximal and distal segments . T h e 
segmen t s were mopped and weighed. For 
histochemical studies, I-cm morphomet r i c seg-
men t s were cut f rom the middle of the proximal 
and distal colon and stored in 10% formalin. 
For enzyme studies, the mucosal cells were 
isolated f rom the colon by a me thod descr ibed 
previously [14]. Each colonic segment was 
washed thoroughly with phospha te -buf fe red 
saline (PBS) at 20°C, and incubated for two 
per iods of 15 min with 1 m \ i di thiothreitol in 
PBS at 2()°C, and the supernatant d iscarded. 
T h e c leaned segment was incubated twice in 
ba tches of PBS containing 1.5 niM E D T A for 90 
min at 37°C. All the incubat ing solutions 
conta ined an antibiotic mixture [14]. The cells 
were l iberated f rom the colon by E D T A and 
remaining tissue r emoved , the cells were then 
scd imcntcd by centr i f igat ion. T h e pellet was 
homogenized in 0.15 M NaCI at 5°C using a 
Polytron at sett ing 6 for 10 sec. and centr i fuged 
at KX).(KK) g for 60 min at the same tempera-
ture . T h e m e m b r a n e and superna tan t f ract ions 
were sepa ra t ed using a Pasteur p ipe t te and t h e 
m e m b r a n e pellet dispersed in 0.154 M NaCI. 

T o de t e rmine the sialyl-transferase activity 
in the proximal and distal co lon, 150 jig of 
the m e m b r a n e pellet derived f rom each colonic 
segment was incubated with a mixture con-
taining 10 jid (0.03 nmol , 0.045 nCi) C M P -
(4- l 4 C) sialic acid (New England Nuclear , 
Dre ie ich , F . R . G . ) , 10 [i\ asialo subs t ra te ; 
e i ther asialo-a-acid glycoprotein (20 mg/ml) 

(Scottish Nat ional Blood Transfus ion Service, 
E d i n b u r g h . U . K . ) or bovine sub-mandibular 
gland as ia lomucus glycoprotein (BSM) (10 mg/ 
ml) as p r e p a r e d by T e t t a m a n t i and Pigman [15) 
and Corf ic ld ct at. [ 16); 5 junol Na cacodylate, 
10 fimol MnCl 2 , 50 fig bovine se rum albumin 
and 0 .5 mg Tr i ton X-100 at pi I 6.5 in a total 
vo lume of 50 (d. A f t e r 120 min . the reaction 
was s topped by add ing 500 (il of ice-cold 5% 
phospho tungs t i c acid in 15% trichloracetic 
acid. T h e mixture was cen t r i fuged at 12.000 g 
for 5 min and the pellet was washed twice with 
1 ml of 9 5 % e thano l . It was dissolved overnight 
in 0 .2 ml of 0.2 m N a O H at room tempera-
tu re , and the radioactivi ty m e a s u r e d by liquid 
scintillation count ing in 10 ml of dioxan-based 
scintillation f luid. T h e e n z y m e activity was 
d e t e r m i n e d by the a m o u n t of radioactivity in 
the prec ip i ta ted p ro te ins and expressed as nmol 
[ I JCjsiaI ic acid t r ans fe r r ed /mg prote in/h . All 
assays and b lanks were car r ied out in duplicate. 
T h e s e consis ted of incuba t ing boi led enzyme 
with e i ther asialo subs t ra t e s a n d CMP-(4- , 4 C) 
sialic acid b e f o r e add ing the s top solution or 
adding active enzyme to the subs t ra te mixture 
directly b e f o r e the s t op so lu t ion . Endogenous 
activity was m e a s u r e d by omi t t ing the asialo 
subs t ra tes a n d m a k i n g up the volume with 
distilled wa te r . T h e values w e r e subtracted 
f rom results o b t a i n e d using exogenous ly added 
subs t ra tes . Pro te in was assayed by the method 
of Lowry ct al. [17). All m e m b r a n e pellets were 
measured in dup l ica te at t h r ee di lut ions and 
values f r o m the initial l inear por t ion of the 
curve used. Bovine s e r u m a lbumin was used as 
s t anda rd . 

T h e m o r p h o m e t r i c segmen t s were routinely 
e m b e d d e d in paraf f in and two serial 5-fim 
histological sect ions w e r e cut f rom at least three 
levels in the spec imen blocks and were stained 
with high iron d i amine -a l c i an blue for 
s ialomucins and su lphomucins [18) and periodic 
acid S c h i f f s ( P A S ) reagen t for neutral mucins. 
T h e n u m b e r of goblet cells conta ining sialo-
mucins, su lphomuc ins or P A S reactivity was 
es t imated for each coded slide using 10 per-
fectly sec t ioned crypts per slide. 

Results 

Exper imen t s with non-opera ted rats established 
the condi t ions for the sialyl-transferase assay in 
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Sialyl-transferase activity in the rat 

proximal and distal colonic mucosal cells. T h e 
activity in proximal and distal colonic cells w a s 
linearly related to the t ime of incubat ion u p 
to 3 h with both of the exogenous ly a d d e d sub-
strates (asialo-a-acid glycoprote in and asialo-
BSM), and e n d o g e n o u s activity was linear up to 
4 h. Af te r these t imes devia t ion f rom l inear i ty 
was observed . Lineari ty with pro te in concen t ra -
tion was found in all incubat ions up to 200 ng. 
The pi I o p t i m u m of the activity with all t h r ee 
substrates was 6.5 in proximal and distal co lon 
using two buf fe r sys tems. 

The rout ine assay based on these f indings 
used up to 150 fig pro te in at p l l 6.5 in caco-
dylate buf fe r for 2 h at 37°C. 

The da ta ob ta ined for normal rats a r e shown 
in Table 1 and are incorpora ted into the resul ts 
in Fig. 1. A d i f fe rence in total s ia lyl- t ransferase 
activity and the specific activity was o b s e r v e d 
between proximal and distal colon with asialo-
BSM and e n d o g e n o u s activity. N o d i f f e r ence 
was found for as ia lo-a-acid g lycopro te in . T h e 
number of goblet cells con ta in ing s ia loniucins 
was 60% higher in the proximal colon re la t ive 
to the distal , but n o d i f f e rences were f o u n d fo r 
proximal a n d distal su lphomucin a n d P A S 
reactivity (Fig. 2). 

The shor t - term effect of surgery on histo-
chemical staining and s ia lyl- t ransferase activity 
in proximal and distal co lon is shown in Figs 1 
and 2. Elevat ion of s ia lyl- t ransferase activi ty 
was evident a f te r only 1 week with all s u b s t r a t e s 
in both the proximal and distal colon (Fig. 1). 
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T h e increase in total activity had dropped 
t owards initial levels by the third week except 
for the distal colon with asialo-BSM and endo-
g e n o u s activities (Fig. lb , c). Differences in 
total sialyl-transferase activity between sham 
a n d J I B opera ted rats were evident for the 
prox imal and distal colon with asialo-a-acid 
glycoprote in (Fig. l a ) , and for proximal colon 
wi th asialo-BSM (Fig. lb) af ter 1 week. The 
var ia t ion in the distal colon was less marked 
a n d not l imited to the first week for asialo-BSM 
a n d e n d o g e n o u s substrates (Fig. lb , c). 

Histochemical analysis showed elevation of 
s ia lomucin and PAS reactive staining in proxi-
mal and distal J IB operated rats (Fig. 2a , c). 
Su lphomucin staining showed elevation in the 
distal colon af ter the JIB operat ion (Fig. 2b) 
a n d a reduct ion in the amount of sialomucin 
s ta in ing found in the distal colon of sham-
o p e r a t e d rats (Fig. la) . No other changes were 
ev iden t and all values except sham-operated 
s ia lomucin staining tended to return to initial 
va lues by the seventh week. 

T h e levels of total endogenous activity in 
no rma l rats were low (Table 1) but the eleva-
t ions observed were the largest (Fig. Ic). The 
activity paralleled the changes found with the 
as ia lo-BSM substra te . 

T h e wet weight ratio of proximal to distal 
co lon showed similar levels to the value found 
fo r non-ope ra t ed rats in both sham and JIB 
o p e r a t e d rats with exceptions at 3 and 7 weeks 
( T a b l e 2). T h e rat io of membrane pellet 

Table I. Sialyl-transferase activity in non-operated rats 

Sialyl-transferase activity 
(nmoles/h/ing protein) 

Substrate Proximal colon Distal colon n 

Asialo-a-acid glycoprotein 0.056 ± 0.011 0.055 ± 0.009 
(0.73 ± 0.05) (0.85 ± 0.09) 10 

Asialo-bovinc submandibular 0.067 ± 0.015 0.023 ± 0.006 
gland glycoprotein (0.78 ± 0.10) (0.33 ± 0.04) 10 

Endogenous 0.005 ± 0.(X)3 0.002 ± 0.002 
(0.064 ± 0.015) (0.034 ± 0.032) 10 

The specific activity of sialyl-transferase with each of the three substrates is 
shown. The figures in parentheses are for total sialyl-transferase (nmol/li/total 
protein) for the corresponding substrates. 
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HI 
1 3 5 7 

Weeks o f f e r o p e r a t i o n 

.m/.. 1. Influence of operation on total sialyl-
lansferase activity in proximal and distal colonic 
cclls Total sialyl-transferase activity for non-oper-
ated (A) , sham (O. • ) and JIB ( • . • ) animals in 
proximal (O, • ) and distal ( • . • ) colon. The 
increase is calculated from the non-operated animals 
at day one in proximal and distal colon for (a) asialo-
o-acid glycoprotein, (b) asialo-bovine submandi-
bular gland glycoprotein, and (c) endogenous 
substrate. Absolute values are given in Table 1. 
Standard deviation is shown by bars for each sample 
where necessary. 

pro te in f rom proximal and distal colon d ropped 
in the first 3 weeks and normalized a f t e r 5 
weeks , while the total m e m b r a n e protein for 
proximal and distal colon a p p e a r e d to re turn to 
initial values in the sham exper iment 
hut r ema ined e levated in the J IB opera t ion 
(Table 2). 

Discussion 

Sialyl- transferase activity in the rat colon has 
been de tec ted using an assay system with two 

(b) 
5 0 

1 3 5 7 
Weeks offer operation 

Fig. 2. Ilistochcmical analysis of proximal and distal 
colonic goblet cell staining after operation The 
percentage of goblet cells staining for (a) sialomucin. 
(b) sulphomucin. and (c) PAS reactivity per crypt, in 
non-operated ( A . A) . sham (O. • ) and JIB ( • . • ) . 
for proximal ( A . O, • ) and distal ( A . • . • ) colon 
is shown. Standard deviation is indicated by bars. 

exogenous as ia lo-subst ra tes and endogenous 
activity. T h e e x o g e n o u s subs t ra tes were chosen 
to reflect d i f fe ren t s ialyl- transferase activities 
known to exist with respect to mucus (asialo-
BSM) a n d non-mucus (asialo-a-acid) glyco-
prote in subs t ra t e s [19]. T h e endogenous 
activity de t ec t ab le is low but reflects the nature 
of s ialyl- transferase to colonic mucosal cell 
g lyco-conjuga tes presen t in the isolated 
m e m b r a n e s . 

T h e normal range of total and specific 
activity found in rat co lon varied with the 
colonic segment a n d the na tu re of the substrate 
assayed (Table I) in agreement with Freeman et 
al. |4] and e n d o g e n o u s activity showed a similar 
pa t te rn to the mucus glycoprotein substrate. 
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Table 2. Proximal and dislal colon wet weight and membrane protein before and after surgery 

Weeks after operation 

0 1 3 5 7 

Ratio of wet weight (proximal:distal) 
Non-operated 1.85 ± 0 . 3 1.81 ± 0.6 1.9 ± 0 . 2 — 1.80 ± 0.6 
Sham operated — 2.5 1.1 2.0 2.8 
JIB operated — 2.0 2.2 2.2 1.6 

Ratio of membrane protein (proximal:distal) 
Non-operated 0.84 ± 0.2 0.86 ± 0.2 0.91 ± 0.3 — 0.82 ± 0 . 1 5 
Sham operated — 0.26 0.38 0.82 0.73 
JIB operated — 0.39 0.45 0.80 0.87 

Total membrane protein (proximal + distal) 
Non-operated 28.5 ± 5.1 Non-operated 28.5 ± 5.1 30.5 ± 1.6 30.6 ± 4.5 — 29.3 ± 3.1 
Sham operated — 58.1 19.2 36.2 30.9 
JIB operated — 81.5 34.0 40.8 55.8 

Wet weight was measured for the proximal and distal colon after having been removed, washed and hloitrd. 
Membrane protein was that protein scdiincnted at 100,000 g after homogenization of mucosal cells isolated from 
the colonic segments. There were two rats in cach group of non-operated animals except for the week 0 p.nup 
which contained four. 

The assay is sensitive to changes in activity a n d 
is ideally suited to moni to r changes occurr ing 
during carcinogenesis , d i sease or in jury . 

The suitability of the assay system is illus-
trated in moni to r ing the early changes in 
sialyltransferase activity a f t e r J I B and sham 
operat ion. In contrast to the decreased levels of 
enzyme activity found in 1,2 d imethy lhydra-
zine-induced tumours in rats, a rapid increase 
is observed a f t e r 1 week in all o p e r a t e d rats 
with all subs t ra tes (Fig. 1). Levels r e tu rned 
towards initial values by 7 weeks and the pa t -
tern of elevation and decrease was charac te r -
istic for each subs t ra te , with e n d o g e n o u s similar 
to asialo-BSM activity and these both distinct 
from asialo-a-acid glycoprotein pa t te rns . T h e 
response to surgery is similar in both J I B and 
sham-operated animals . I l is tochcmical resul ts 
show similar increases relat ive to sialyl-trans-
ferase activity and these are only observed in 
the JIB opera t ion. S h a m opera t ion leads only 
to a decrease in sialomucin staining in the distal 
colon. It is likely that the increase in sialyl-
transferase activity is d u e to surgical shock |2()| 
as well as adapta t ion to the na tu re of the 

opera t ion [21] as sham-opera ted activity was 
also e levated and showed a similar response 
pat tern to the JIB opera t ion. Elevation of 
specific sialyl-transferase activity indicates de 
novo synthesis of sialyl-transferase in response 
to surgery. This is of fur ther interest as the site 
of enyzme synthesis was removed from the site 
of surgery. 

Studies on glycoprotein biosynthesis in the 
gastrointest inal tract have revealed regional 
var ia t ion in normal (22), pathological [23) and 
cance r (3,4,22) tissue. This report demons t ra tes 
the suitability of a sialyl-transferase assay to 
fol low such changes in colonic mucosal glyco-
pro te in biosynthesis. 
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