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1. i n t roduc t ion  

The  use o f  immobi l ized  enzymes  in enzyme-based  
analys~s offers  m a n y  advantages.  Enzym e  electrodes 
[1 ,2 ] ,  con t inuous  s p e c t r o p h o t o m e t e r  sys tems based 
on reactors  wi th  immobi l ized  enzymes  [3,4] and 
entha lp imetr ic  me thods ,  e.g., the enzym e  thermis tor  
[5 ,6 ] ,  are some o f  the analytical  sys tems used. 

A c o m m o n  p rob l em  in ~11 analytical  w o r k  is the  
t endency  for  e n z y m e  dena tura t ion  leading to  a low 
reproducibi l i ty  0 f the  system.  One way  o f  circum- 
venting tiffs p rob lem has been  to  add high excess o f  
enzyme  so tha t  initially on ly  a small par t  o f  the  
potent ia l ly  active e n z y m e  molecules  are expose  d to  
substrate ,  whereas  the  major i ty  are h idden  in areas o f  
the  suppor t  isolated f r o m  the bul.'c solut ion b y  
diffusional  restr ict ions [7 ,8 ] .  On denatura t ion  o f  
par t  o f  the  e n z y m e  molecules,  substrate  will come  in 
contac t  wi th  previously la tent  molecules.  This results 
in a high operat ional  s tabil i ty o f  the  sys tem.  An 
alternative m e t h o d  o f  improving the  opera t ional  
stabil i ty is to  c0-imm0bil ize the enzym e  with  bacter ia  
degrading enzymes ,  t he reby  el iminating the  denatura~ 
t ion caused b y  bacterial  act ivi ty [9 ] .  

A fur ther  m e t h o d  for  i m p r o v e m e n t  o f  s tabil i ty 
was recent ly  presented where a small a m o u n t  o f  
e n z y m e  was reversibly immobi l ized  utilizing the  inter-  
ac t ion  be tween  antigen and an t ibody .  In the  course 
o f  10--15 mix  the  enzym e  could be washed o f f t h e  
sys tem and replaced Ly fresh e n z y m e  [10] .  

The  present  paper  describes the  appl ica t ion o f  
ano the r  reversible groap-specif ic  ~nmobf l iza t ion  
procedure  to analytical f low systems,  e.g., enzyme  

thermis tors  and cont inuous  spec t ropho tome t r i c  
devices. The procedure  employs  immobi l ized  lectins 
as "anchoring'  units for  the enzyme  molecules  to  be  
used in the  analytical  system. 

2. Materials and  me thods  

Glucose oxidase (EC 1.1.34) f rom Aspergi l lus  niger 
type  V, 1250 U/ml,  peroxidase (EC 1.11.1.7) t ype  I i  
f rom horse radish and catalase (EC 1.11 .t .6) type  
C-30 f rom bee f  liver and c~-methylglucoside were 
purchased f rom Sigma, St. Louis~ MO. Dext ran  T-40,  
Sepharose CL-4B and Con-A--Sepharose  were ob ta ined  
f rom Pharmacia  Fine Chemicals AB, Uppsala,  Lens  
cul inat is  h e m a g # u t i n i n  t ype  A f rom Miles-Yeda, 
Rehovot ,  and c~-methylmannoside f rom Koch-Light  
England. Ail o the r  chem':ca!ls used were o f  analytical  
grade. 

2.1.  [mtrggbilization o f  lect in  

ph o r  A~ ~ . . . . .  ~ ,~,~ wa~c:~__;vated with  
250 mg BrCN in 5 ml  1 M Na2CO3 for  8 mix  fol!ow- 
ing convent ional  procedures  [11 ] .  Tile coupl ing 
proceeded  in 0.1 M NaHCO3 with 5--6 nag lect in/5 g 
Sepharose,  for  24 h at  4°C. 

2.2.  E n z y m a t i c  ~nalysis 

2.2.1. Thermis tor  assay 
The l e c t i n -Sepha rose  was packed  in the insulated 

~ass  co lumn  ( to t a lvo l .  0.5 ml)  o f  the thermis tor  unit ,  
with a the rmis to r  immersed  in the  top  o f  the bed. A 
cont inuous  f low o f  bu f fe r  with in temai t ten t  pulses o f  
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s a m p l e  (1 r a in )  o r  wash ing  s o l u t i o n  was  p u m p e d  

throug,  h t h e  c o l u m n  ( f l o w  r a t e  0 . 7 5  m l / m i n ) .  Hea t  
c h a n g e s  d u e  t o  e n z y m e  r e a c t i o n  we re  r eg i s t e r ed  as a 
c h a n g e  in  t h e  r e s i s t ance  o~" t h e  t h e r m i s t o r ,  a m p l i f i e d  
a n d  r e c o r d e d  o n  a s t r i p  c h a r t  r e c o r d e r .  

destroy unreacted groups 1 nd 1 M glycine, pH 6.5, 
was a d d e d .  

3.  R e s u l t s  a n d  discu~-~ion 

2 .2 .2 .  P h o t o m e t r i c  assays  
A s m a l l  c o l u m n  w a s  p a c k e d  w i t h  t h e  s o r p t i o n  

m a t e r i a l  a n d  c o n n e c t e d  t c a  f l ow  c u v e t t e  ( t o t a l  vol .  

18/11) in a spectr0ph0t0meter (Beckman 24). Cata- 
!ase a c t i v i t y  was  reg~stereE as a change  in  A24o [12]  
a n d  g lucose  o x i d a s e  was  a : ;sayed a t  550  n m  us ing  co -  
i m m o b i l i z e d  p e r o x i d a s e  a n d  in t h e  p e r f u s i n g  s a m p l e  
14 m M  p h e n o l  a n d  0 .8  mr~l 4 - a m i n o a n t i p y r i n e  [ 1 3 ] .  

One  m i n u t e  s a m p l e s  w i t h  a f l o w  ra te  o f  0 .75  m l / m i n  
we re  u sua l ly  a p p l i e d .  

2.3. Immobilization o f  the enzyme/cells 
Art a p p r o p r i a t e  a m o u n t  o f  e n z y m e  was  d i s so lved  

in 1 m l  b u f f e r  a n d  i n t r o d t t c e d  i n t o  t he  f i o w  s t r e a m .  
D u r i n g  passage ove r  t h e  l e c t i n  b e d ,  e n z y m e  was  b o u n d  
a n d  c o u l d  l a t e r  be  u sed  in ana lys i s .  To  e l i m i n a t e  t h e  

risks of enzyme ads~rpti0n to the walls of the tubing, 
a spec ia l  a r r a n g e m e n t  w i th  valves  c lose  to  t h e  r e a c t o r  
b e d  was  used .  This  f u r t h e r m o r e  r e d u c e d  t h e  wa~PAng 
s t ep  r e q u i r e d  a f t e r  a n e w  e n z y m e  a d d i t i o n .  H u m a n  
red  b l o o d  cel ls  ( R B C )  were  a lso  i m m o b i l i z e d  o n  

concanavalin A-Sepharo:;e utilizing an identical 
p r o c e d u r e .  

2.4. Dissociation procedure 
When  t h e  e n z y m e  o n  t h e  c o l u m n  was  t o  b e  r e p l a c e d  

either by fresh enzyme of the same kind or of another 
spec ies ,  a pu l se  o f  d i s soc i a t i ng  s o l u t i o n  Was i n t r o -  

d u c e d .  D i s s o c i a t i o n  was  ca r r i ed  o u t  w i t h  0 . 1 - 1 . 0  M 
o t - m e t h y l m a n n o s i d e  o r  ~ z - m e t h y l # u c o s i d e  d i s so lved  in 
t h e  p e r f u s i n g  b u f f e r .  Wash ing  :eith 0 .2  M g l y c i n e - -  
HCt,  p H  2 .2 ,  was  a lso  u sed .  

2 .5 .  Glycosyla~'on o f  catabtse 
"Flae p o c e d u r e  u sed  t b H o w e d  in p r i n c i p l e  t h a t  

p u b l i s h e d  [ 1 4 ] .  D e x t r a n  "1"-40, 500  rag,  was  d i s so lved  
in 5 m l  0 . I  M a c e t a t e  b u f f e r ,  p H  5 .60 .  Na IOa ,  100 mg:  

was added and the reaction mixture was kept in 
d a r k n e s s  a t  r o o m  t e m p e r a t u r e  f o r  2 h b e f o r e  500/11 
e thy l eneg lyco~  was  a d d e d .  A f t e r  30  m i n  t h e  p H  was  
adj~zsted w i t h  2 M NaaCP:5 to  8 .5  a n d  i 0  m g  ca tMase  

was  a d d e d .  C o u p l i n g  p r o c e e d e d  fo r  18 h a t  4°C.  To  

T h e  c a p a c i t y  o f  l e c t i n s  to  b i n d  va r i ous  c a r b o -  
h y d r a t e  r e s idues  has  b e e n  r e c o g n i z e d  f o r  severa l  y e a r s  
[ 1 5 ] .  T h e  b e s t - k n o w n  spec ies  o f  t h i s  c lass  o f  p r o t e i n s  

is c o n e a n a v a l i n  A [ 1 6 ] ,  b u t  severa l  o t h e r  l ec t i n s  are  
n o w  c o m m e r c i ' d l y  ava i l ab le .  As t h e  s p e c i f i c i t y  fo r  
c a r b o h y d r a t e  d i f ferc  f r o m  o n e  l e c t i n  t o  a n o t h e r ,  
t h e s e  s y s t e m s  o f f e r  g roup - spec i f i c  s o r b e n t s  [ 1 5 ] .  

I n  t h e  p r e s e n t  s t u d y ,  c o n c a n a v a l i n  A was  m a i n l y  

used :  g lucose  o x i d a s e  a n d  p e r o x i d e  were  f c u n d  t o  
b i n d  ve ry  f h ' m l y  t o  th i s  i m m o b i l i z e d  l e c t i n .  

U s u a l l y ,  w h e n  e n z y m e s  a re  i m m o b i l i z e d  a n d  a p p l i e d  

in analysis, a change ha catalytic properties of the 
e n z y m e  d o e s  n o t  m a r k e d l y  i n f l u e n c e  the  f ina l  ana lys i s  

A t ' e  

10 
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Fig. 1. Schematic presentation o f  an assay cycle. The arrows 
L~adicate cha~'~ges Lri t h e  p e r f u s i o n  m e d i u m ,  n o z m a l l y  0.1 M 

Tris--HC1, pH 7.0, with 1 M NaG, 1 ram MgCI 2 , 1 mM 
MnCI 2 and I mM CaC12. Flow rate 0.75 rnl[min. The cycle 
starts with glucoprote~_n (E z --CHO) bound to the p h y t o -  
h e m a ~ u f i n i n  (Ph)-contaJuing support  material. At  the 
arrows marked S a and S 2 , subs~ate is introduced for 
enzymes E l and E 2, respectively. _The heat s'Lgnals obtained 
upon substrate pulses are represented by peaks. At  the arrow 
W a pulse of  0.2 M gtycine--HCR, pH 2.2, is introduced in 
o r d e r  t o  s p l i t  *.he c o m p l e x  a n d  ¢o w a s h  t h e  s y s t e m .  A n e w  
enzyme E 2 --CHO is then introduced and substrate S 2 can 
be assayed. 
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results, since high excess o f  enzym e  molecules  
camouf lages  such a change.  However ,  in low-substi-  
tu ted  sys tems  such changes might  play an i m p o r t a n t  
role. i t  should in this con tex t  be  stressed tha t  the  
immobi l i za t ion  procedure  appRed here  is very  gentle 
and  t h a t  no covalent  bonds  are fo rmed .  

The  dissociat ion o f  the  e n z y m e  f rom the  lectin 
s u p p o r t i s  a crucial po in t  in this analyt ical  sys tem,  see 
rigA. As judged f rom the [Rerature,  dissociat ion b y  
pulses o f  free ca rbohydra t e  is in m a n y  cases sufficient 
t o  b reak  the  in te rac t ion  be tween  the  g lucoprote in  
and the  Lmmobilized lectin.  A more  thorouo~h cont ro l  
however  reveals tha t  the  dissociat ion s tep is o f t en  
very t i m e c e n s u m i n g  and also in mos t  cases does no t  
go to  comple t ion .  Ins tead a g lyc ine-HC1 wash,  
know; i  to be  eff icient  in breaking an t igen- -an t ibody  
interact ions  [ 17 ,18] ,  was applied and as can be seen 
f r o m  fig.3, no  enzymic  activi ty reamained on  the 
co lumn.  I t  was also shown tha t  the  lecfin co lumn 
retained its capaci ty  to  bind ghteoprote ins ,  and the  
sorp t ion  mater ia l  could be  used over  and  over  again 
wi thou t  any  marked  ef fec t  on  the  anMytical results 

obta ined .  
Glucose oxidase  was used for  assay o f  # u c o s e  

e i t h e r  "adtk t h e  e n z y m e  t h e r m i s t o r  u n i t  o r  w i t h  a 

spec t ropho tome t r i c  assay using co- immobi l ized  per- 

~t 'C. lO 3 

J 
J 

J / 

J 

/ 

,b 4 A GLUCOSE (mM) 
Fig.2.  A. Measured  p eak  h e i g h t  (zXt°C) ob t a ined  f r o m  a glucose 

oxidase-coneanavalfa A-Sepharose column (0) or a g~ucose 
oxidase-red blood ceR-concanavalin A--Sepharose column 
(o) as a function of the concentration o f  glucose dissolved 
in 0.l M Tris--HCl buffer pH 7.0, being I M in NaCl, I rn~l~ 

in MgCI2, MnCl 2 and CaC~ 2 (~ m/n pulse, flow rate 0.75 roll 
min). 

oxida:~e (also a g lucoprote in)  [19 ] .  Tile results o f  
g~ucose oxidase and peroyAdase assays using the 
themf i s to r  are shown fn fig.2. 

The  concanaval in-A sys tem was used with nren- 
arat ions o f  varying degree o f  subst i tu t ion.  When 
dealing with  the pro te ins  s tudied here,  no difference 
wi th  respect  t o  the  g!ycine wash used could be 
de tec ted .  When using ~-merhy lmannos ide  or  ce-methyl 
glucoside in the  perfusing buf fe r  10% e n z y m e  activity 
still rernMned, ha the  case o f  highly-subst i tuted 
prepara t ions .  

" The  results are consis tent  with l i terature data  con-  
cerning binding and elut ion o f  cells f rom lect in--  
Sepharose  o f  varying degree o f  subst i tu t ion [2(I].  

To  facili tate the  washing step lect in f rom Lens  
c~.dinargs was used instead o f  concanava!in A. The  

zkt °C x 10 3 

J / ! / 

1 2 1  ~ [ / /  t ; I 
1 2 

P E R O X I D E  (m,-,.,s'~ 

Fig.2. B. Measured  peak  he igh t  (At°C)  ob t a ine d  f r o m  per- 
ox idase - -concanava l in  A--Sepha~ose  c o l u m n  as a f u n c t i o n  o f  
~'~o c o n c e n t g a ~ o n  o f  h y d r o g e n  pezox~d~ dissol; 'c~ L-~ tke: 
same buffer as A, with 0.8 mM 4-amLao-antipyFme and 
14 mM phenol 
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s p e c i f i c i t y  is r e p o r t e d  to  b e  *.he s a m e  b u t  t h e  a f f i n i t y  
b e t w e e ~  g iacov~o teha  a n d  t h e  i e c t i n  is 5 0 - u m e s  ~ower 

I21i. 
In  s tud i e s  w i t h  p e r o x i d a s e  i t  t u r n e d  o u t  t h a t  t h e  

e n z y m e  was  b o u n d  to  t he  s o r p t i o n  m a t e r i a l  ha h igh  
yields, but during the subsequent analysis a constant 
l e akage  t o o k  p l ace .  -Under t h e  e x p e r i m e n t a l  c o n d i t i o n s  
u sed ,  th i s  l e c t i n  is n o t  usefu l .  

T h e  c o n c a n a v a l i n  A s y s t e m  was  t e s t e d  w i t h  va r ious  
e n z y m e s ,  g l u c o p r o t e i n s  as wel l  as p u r e  p r o t e i n s ,  a n d  

i t  was  f o u n d  t h a t  ti~e b i n d i n g  t o  t h e  c o l u m n  o n l y  
t o o k  p l ace  w i t h  t h e  g l u c o p r o t e i n s  w h e r e a s  pu re  
p r o t e i n s  were  w a s h e d  t h r o u g h  t h e  s y s t e m .  This  was  
a lso  so  w i t h  n a t i v e  ca t a l a se ,  b u t  a f t e r  t h e  enzy_,~e h a d  
b e e n  m o d i f i e d ,  b y  a t t a c h i n g  c a r b o h y d r a t e  cha ins  t o  

t h e  p r o t e i n  b a c k b o n e ,  b i n d i n g  d i d  t a k e  p lace .  I t  was 
a lso  s h o w n  t h a t  e l u t i o n  p roces ses  as  d e s c r i b e d  fo r  
na t ive  g l u c o p r o t e h a s  we re  a lso  a p p l i c a b l e  t o  a r t i f i c i a l l y  
p r e p a r e d  g l u c o p r o t e h a s  ( f ig .3) .  

W h e n  r e d  b l o o d  cel ls  ( R B C )  a n d  g lucose  o x i d a s e  

were  c o - i m m o b i l i z e d ,  an  i nc rea se  in  h e a t  r e sponse  was  

o b t a i n e d ,  as  wel l  as in  the  c o n c e n t r a t i o n  r eg ion  
giving l i nea r  r e l a t i o n s h i p s  b e t w e e n  c o n c , m t r a t i o n  a n d  
h e a t  s ignal .  

Th is  fac t  was  i n t e r p r e t  ed in t e r m s  o f  a b e t t e r  

i E S E-CliO $ 

2 0  4 0  

T I M E  ( m i x }  

F:ig.3. Schematic presentation of  an assay and washing cycle 
fc,r catalase and gtucos3"lated catalase. The arro'.TS indicate 
changes in the perfusion medium, no~-Tnally 0.1 M Tfis--HC1, 
plrI 7.0, with 1 M NaC1, 1 mM MnCi2, I mM Mo-~SL 2 and 
1 mM CaC12 (flow rate, 0.75 m!/min). At  the arrows marked 
'S" 2 mM hydrogen peroMde is introduced as a 1 rain pulse, 
ai: the  ar~rows "E" and  "E--CHO'.  cata!ase •td glycosylated 
catalase are in t roduced ,  respectively.  W t indicates  a pulse o f  
0.5 M ~q~aefl~y-h-n~moslde hx ~ e  perfu~d~-~g b u f f e r  whereas 
'Wa" stands for a 5 mix wash with 0.2 M glycine-HCl,  pH 2.2. 

o x y g e n  s u p p l y  f r o m  o x y g e n a t e d  h e m o g l o b i n  in  t h e  
r e d  b l o o d  ceUs. 

A n y  h e a t  d e r i v e d  f r o m  t h e  m e t a b o l i s m  m t h e  
i m m o b i l i z e d  R B C  was  a v o i d e d  b y  b l o c k i n g  t h e  g l y c o -  
l y t i c  p a t h w a y  b y  a d d i t i o n  o f  10 m M  f l u o r i d e  t o  b u f f e r  

and substrate solutions. 
I m m o b i l i z e d  w h o l e  cells, ea r l i e r  a p p l i e d  in  large  

scale  p roces se s  [ 2 2 ] ,  m a y  a lso  b e  used  in  a n a l y t i c a l  
s y s t e m s  [ 2 3 ] .  T h e  p o t e n t i a l  o f  t h e  reversible i m m o -  
b i l i z a t i o n  a p p r o a c h  a p p l i e d  in  ana lys i s  is  ve ry  p r o m i s -  

ing,  e spe c i a l l y  w h e n  de a l i ng  w i t h  l ab i l e  spec ies ,  e .g. ,  
w h o l e  cel ls  o r  m e m b r a n e - b o u n d  e n z y m e s .  
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