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Summary 

A method for the introduction of  side chains containing isonitrile (iso- 
cyanide, --N-=C functional group) on the backbone of  polysaccharides and 
other hydroxylic polymers was developed. The method was based on (a) ioniza- 
tion of  some of the hydroxyl  groups on the polymer by treatment  with a 
strong base (tert-butoxide) in a polar aprotic solvent (dimethylsulfoxide),  and 
(b) introduction of  side chains containing isonitrile groups by  nucleophilic 
at tack of  the polymeric aikoxide ions on a low molecular weight isonitrile con- 
taining a good leaving group in the w-position, (1-tosyl-3-isocyanopropane). 

By this method,  the side chains containing the -NC functional groups are 
attached to the polymeric backbone via stable ether bonds. 

The isonitrile derivatives of  cellulose, linear and cross-linked dextran and 
cross-linked agarose were utilized for the covalent fixation of high and low 
molecular weight ligands by  four-component  reactions carried out  in aqueous 
medium, at neutral pH. 

Introduction 

Water-insoluble polymers containing isonitrile (isocyanide,--N--'C) functional 
groups can serve, as recently shown, as versatile supports for the immobiliza- 
tion of  enzymes and other  biologically active molecules [1--5].  

Such materials could be coupled to enzymes and other ligands by four- 
component  condensation reactions [1,4,6--10] carried out  in an aqueous 

* To w h o m  correspondence  should be addressed.  
Abbreviat ions:  Bz-Axg-OEt, N-benzoyl-L-arginine ethylester; GIy-LeuNH2, glycyl-L-leucine amide.  
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medium at neutral pH in the presence of a water-soluble aldehyde (Eqn. 1): 

R 2 R 3 
I I 

R1--COOH + R2--NH2 + Ra--CHO + C ~ N--R a -+ R1--CO--N--CH--CONH--R 4 

. . . . . . . .  T . . . . . . . .  i I O ' R 2 , R a 
, i l  ' I ' I , 
I R 1-C I N ~ C H _ _ _ m _ C O N H _ R  4 (1) 

I I I . . . . . . .  J 

~ carboxylic amine', aldehyde 4, isonitrile i 
' acid I i , I 
L . . . . . . . . . . . . .  '_ . . . . . .  ~ . . . . . . .  

In these reactions the polymeric support supplies the isonitrile function, the 
ligand supplies either the amino or the carboxyl component,  the aldehyde and 
the missing fourth component  being added to the reaction medium; alterna- 
tively, supports carrying isonitrile functional groups could serve as 'parent 
polymers'  for further chemical modification, since the --N~C group can be 
easyly converted into other types of chemically reactive species, e.g. aminoaryl, 
aminoalkyl, dibromoisocyanide, acylhydrazide, etc. according to the envisaged 
application [1--5]. It should be mentioned that  immobilization of  proteins by 
four-component reactions has been described earlier by Ax6n and coworkers 
[8,10], who, however, used low molecular weight, water-soluble, isonitriles to 
effect the coupling of enzymes to polymers containing carboxyl, amino or 
aldehyde functional groups. 

The present communication describes a method for the preparation of poly- 
functional derivatives of polysaccharides and other hydroxylic polymers con- 
taining pendant isonitrile groups. In these materials the 1-oxa-3-isocyano- 
propane derivatives (4)-CH2. CH2 " C H : .  NC) of cellulose, linear and cross- 
linked dextran and cross-linked agarose, the side chains are attached to the 
polysaccharide backbone through stable ether bonds. 

The method is based on a displacement reaction involving l~tosyl-3-i§ocyano- 
propane (p-CHa • C6H4 • 802 • O • (CH:)3 • NC) and the alkoxide ions generated 
on the polysaccharide backbone by treatment  with a strong base in an organic 
solvent (Eqns. 2 and 3). 

The isonitrile derivatives of the various polysaccharides could be used for 
covalent coupling of  proteins and low molecular weight ligands through four- 
component  reactions utilizing the -NC groups on the support. 

Materials and Methods 

Cellulose, microcrystalline powder, 230--270 mesh (56--63 pm diameter) 
was a product of Merck (Darmstad, F.R.G.). Sephadex of various grades, 
Sepharose~L and linear dextran (M r 250 000) were purchased from Pharmacia 
(Uppsala, Sweden). Trypsin (EC 3.4.21.4), type III, twice crystallized, urease 
(EC 3.5.1.5), type III, (a partially purified preparation), benzoyl-L-arginine 
ethylester (Bz-Arg-OEt) and glycyl-L-leucine amide hydrochloride were ob- 
tained from Sigma (St. Louis, MO, U.S.A.) 

Sodium tert-butoxide 
Sodium tert-butoxide was prepared from freshly cut sodium metal and 

redistilled tert-butanol, and diluted with dimethylsulfoxide (1 : 10) to a final 
concentration of  0.05 M. 
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1-Tosy l-3-isocyanopropane 
1-Tosyl-3-isocyanopropane was prepared from 3-aminopropanol via the 

N-formylaminopropanol  derivative by a modification of  the procedure 
described by Matteson and Bailey [ 11 ] : 

(a) N-Formylaminopropanol. An equimolar amount  of  ethyl formate was 
added dropwise to strongly stirred 3-aminopropanol. Stirring was continued for 
1 h at room temperature.  The ethanol formed in the reaction was removed by  
evaporation and the residue was vacuum distilled. The yield was 70%. 

(b) 1-Tosyl-3-isocyanopropane. A 4 M pyridine solution of p-toluene sulfonyl- 
chloride was added dropwise in the course of  30 min to an equal volume of  
vigorously stirred ice~ooled 2 M N-formylaminopropanol  in pyridine. The reac- 
t ion mixture was stirred over ice for 1 h. Cold water was then added and the 
mixture was extracted with three portions of  diethylether/hexane (5 : 1, v/v). 
The combined extract was washed with cold water and dried over Na2SO4. The 
solvent was removed by  evaporation and the residue was dissolved in diethyl- 
ether/hexane (3.5 : 1, v/v). The solution was left at --18°C. The white crystal- 
line precipitate was separated on a filter, washed with ice-cold hexane and air- 
dried. The yield was 25%. 

Isonitrile derivatives of polysaccharides 
Isonitrile derivatives of  water-insoluble polysaccharides were prepared by  the 

following general procedure: (1) PresweUing of  the polymer; (b) ionization of  
polysaccharide hydroxyl  groups with tert-butoxide; and (c) reaction with 
1-tosyl-3-isocyanopropane (see Eqns. 2 and 3). 

The appropriate polysaccharide was suspended with stirring in anhydrous 
dimethylsulfoxide for 30 min at 30°C. A 0.05 M solution of  sodium tert- 
butoxide in dimethylsulfoxide was added dropwise with stirring to the swollen 
polymer and the mixture stirred for 15 min to ensure equilibrium ionization of  
polysaccharide hydroxyl  groups. 

1-Tosyl-3-isocyanopropane dissolved in dimethylsulfoxide was added to a 
suspension of  powdered potassium hydroxide or anhydrous potassium carbon- 
ate in the same solvent and the mixture stirred for 10 min at 30°C (to remove 
acid impurities). The KOH (or K2CO3) powder  was removed by filtration (glass 
wool); the filter was washed with dimethylsulfoxide and the combined filtrate 
added to the ionized polysaccharide suspension. The reaction was allowed to 
proceed with stirring for 4 h at 30 ° C. The powder  was separated by  centrifuga- 
tion, resuspended in CH3OH and washed on a filter with CH3OH, cold H20, 
CH3OH, diethylether and air<iried. In the case of  linear dextrane, the modi- 
fied polymer was precipitated from solution by  the addition of  CH3OH. The 
isonitrile polysaccharide derivatives were stored over silica gel in the cold. The 
experimental details for the various polysaccharides are summarized in Table I. 

Coupling of enzymes and peptides to isonitrile derivatives of polysaccharides 
(A ) Four-component coupling involving ligand amino groups. Dried beads of  

the appropriate isonitrile polysaccharide derivative (50 mg) were preswollen in 
dimethylsulfoxide,  washed with cold water and suspended in 2 ml of  a cold 
solution of  enzyme (5 mg/ml) or peptide (0.1 M) in 0.1 M sodium phosphate,  
0.5 M sodium acetate, pH 8, 50--200 pl of  cold 1.8 M acetaldehyde (10%, v/v) 
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in the same buffer were then added and the reaction allowed to proceed over- 
night with stirring at 4°C. The insoluble enzyme derivative was separated by 
filtration, washed with water, 1 M KC1 and again with water, resuspended in 
water (4 ml) and stored at 4°C (see Table II). Isonitrile derivatives of  linear 
dextran were dissolved directly in the aqueous buffer. 

(B) Four-component coupling involving ligand carboxyl groups. Isonitrile 
polysaccharide derivative (20--50 mg) pretreated as described in (A), was sus- 
pended in cold 0.1 M Tris buffer,  pH 7. Enzyme (5 mg/ml) or peptide (final 
concentration 0.1 M) was then added followed by 25--100 pl/ml of  a cold 
1.8 M solution of  acetaldehyde in the same buffer. 

Assay methods 
Protein. Bound protein was determined by the Lowry method [13,14] and 

confirmed by  total amino acid anaysis o f  acid hydrolyzates of  the appropriate 
polysaccharide-protein conjugates. 

Linear dextran. Dextran was determined by a modification of the cysteine- 
sulfuric acid method described by Dische for glucose [15].  

Isonitrile groups. (i) The isocyanide content  of  polyisonitrile cellulose 
powders was determined titrimetrically as described previously [2,16].  (ii) The 
isocyanide content  of the isonitrile derivatives of  all polysaccharides investi- 
gated was estimated from the amounts of  bound glycyl-L-leucine amide. 

Enzymic activities 
The enzymic activity of  trypsin was determined at 25°C by the pH-stat 

method [17,18] using 0.1 M NaOH as titrant. The substrate solution (5 ml) was 
1 . 5 - 1 0 - 2 M  Bz-Arg-OEt, 0.05 M in KC1. The assays were carried out  at the 
appropriate pH optima: pH 8.0 for the native enzyme and at pH 9.0 for poly- 
saccharide-trypsin conjugates. 

The enzymic activity of native and polysaccharide-bound urease was deter- 
mined by the nitroprusside method according to Chaney and Marbach [19] and 
Weatherborn [20].  

Results and Discussion 

Preparation and characterization of isonitrile derivatives of polysaccharides 
Side chains containing isonitrile functional groups could be attached to the 

backbone of  some common polysaccharides (cellulose, dextran, agarose) via 
ether bonds. The method consisted of: (i) ionization of  some of the hydroxyl  
groups on the polymer by  a strong base in a non-aqueous solvent (tert-butoxide 
in dimethylsulfoxide); (ii) displacement reaction via nucleophilic attack of  the 
alkoxide ions generated on the polymer in the first step, on a low molecular 
weight isonitrile containing a good leaving group in the co-position: 1-tosyl-3- 
isocyanopropane (p-CH3 • C6H4 • SO2 • O • (CH2)3 • NC). 

The reaction sequence leading to polyfunctional  1-oxa-3-isocyanopropane 
(-O-CH2 "CH2" CH2. NC) derivatives of  polysaccharides is summarized in 
Eqns. 2 and 3: 

Me2SO 
I--OH + O-Bu t ) I--O- + HOBu t (2) 
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M e 2 S O  

~O- + CH3 • C6H4 " 802 • O • CH 2 • CH 2 • CH 2 • N ---- C > ~-O--CH 2 • CH 2 • CH 2 • N - C 
30°C 

+ CH 3 • C6H4 • SO3 (3) 

Support for the reaction scheme of Eqns. 2 and 3 was obtained by the 
synthesis of a low molecular weight analogue l-methoxy-3-isocyanopropane 
(CH3 • O • CH2 • CH2 • CH2 • CN), prepared under conditions identical to those 
employed with polysaccharides and its characterization by NMR. 

The choice of experimental conditions was guided by the following con- 
siderations: 

Dimethylsulfoxide is a good solvent for linear polysaccharides such as linear 

dextrans and agaroses, and effects the swelling of cross-linked dextran, cross- 
linked agarose and cellulose. Moreover, dimethylsulfoxide, a highly polar 
solvent, is known to facilitate ionization and to accelerate displacement reac- 
tions, particularly those involving alkoxide ions, by several orders of magnitude 
[21--25]. 

1-Tosyl-3-isocyanopropane was chosen for the following reasons: (a )Tosy l  
(p~H3 • C6H4 • SO2-) is a good leaving group easily displaced by alkoxide ion 
in dimethylsulfoxide [26]. (b) The three carbon a tom side chain (-(CH2)3-) 
is the minimum length required to forestall elimination reactions in a basic 
medium (e.g. the formation, of  vinylisocyanide, CH2 = CH • NC, in the case of 
Tos-(CH2)2 • NC [11]. 

Tert-Butox~de ion in dimethylsulfoxide is among the strongest organic bases 
known (PKa ~ 30) [21--25]. ButO - is hence a suitable reagent for the quanti- 
tative ionization of  secondary as well as primary OH groups. 

Model experiments were carried out with cellulose powder preswollen in 
dimethylsulfoxide and exposed to different amounts of  tert-butoxide and 
1-tosyl-3-isocyanopropane. The -NC content  of the isonitrile derivatives of 
cellulose as determined titrimetrically, varied linearly with the amount  of  tert- 
butoxide (at a fixed concentration of  1-tosyl-3-isocyanopropane: 0.05 M) as 
well as with the concentration of  1-tosyl-3-isocyanopropane (at fixed amount  
of  tert-butoxide/g polysaccharide; 500 pequiv.). The data are summarized in 

I I [ B [ I t [ [ [ I 

A 
A 

[Tos(CH2) 3 -  NC] = 0.05 M '~ 40 

~ 2 0  

~ ~o 

I f  I i i I I 
100 3 0 0  5 0 0  2 4 6 8 I0  

ButO - /~mol/g polymer [Tos(CH2)3NC] M X 10 2 

F i g .  I .  Dependence of isonitrile content o f  c e l l u l o s e  p o w d e r s  o n  reaction conditions. ( A )  A t  ( T o s -  

( C H 2 )  3 . N C ) =  0 . 0 5 M  and varying a m o u n t s  o f  s o d i u m  t e r t - b u t o x i d e .  ( B )  A t  s o d i u m  t e r t -bu tox ide  
500/~mo]/g c e l l u l o s e  a n d  varying concentrations of Tos(CH 2 )3  " N C .  
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Fig. 1. The highest amount of tert-butoxJde employed in our study (500 #equiv. 
ButO-/g polysaccharide) was chosen on the basis of control experiments with 
cross-linked dextran beads (when exposed to tert-butoxide at ratios higher than 
750 pequiv./g Sephadex G-75 beads were found to undergo partial disintegra- 
tion). The -NC content of polyisonitrile derivatives of polysaccharides can thus 
be controlled, by regulating the amount of tert-butoxide and/or the concentra- 
tion of 1-tosyl-3-isocyanopropane. 

The conditions employed for the preparation of isocyanide derivatives of 
cellulose, linear and cross-linked dextran, and cross-linked agarose are summa- 
rized in Table I. 

Cross-linked agarose beads and cellulose powders exhibited higher isocyanide 
contents as compared to similarly prepared cross-linked dextran derivatives 
(Table I). The monomeric units of agarose, alternating 1,3-1inked fl-D-galactose 
and 1,4-1inked, 3,6-anhydro~-L-galactose residues, contain both primary and 
secondary hydroxyl groups; the same is true of cellulose which consists of 1,4- 
1inked fl-Dglucose residues. Dextran, on the other hand, is composed of 1,6- 
1inked a-D-glucose units, and hence contains only secondary hydroxyls [27,28]. 
The higher -NC content of cellulose powder and cross-linked agarose beads 
relative to cross-linked dextran beads could be possible attributed to the fact 
that primary alkoxide ions are more reactive than secondary alkoxide. 

T A B L E  I 

P R E P A R A T I O N  OF I S O N I T R I L E  D E R I V A T I V E S  OF P O L Y S A C C H A R I D E S  

All a m o u n t s  given are for  1 g po lysacchar ide .  I socyan ide  c o n t e n t  of  m o d i f i e d  po lysaccha r ide  was  esti- 
m a t e d  f r o m  the  leucine  c o n t e n t  of  po ly s a c e ha r ide -G ly -Le uNH 2 conjugates .  

Poly- Preswell ing S o d i u m  1-Tosy l -3 - i socyanopropane  Tota l  I socyan ide  
sacchar ides  in d i m e t h y l -  t e r t -bu tox ide  v o l u m e  c o n t e n t  of  

su l foxide  (pmol )  g Dissolved Final  or  r eac t ion  m o d i f i e d  
(ml)  in d ime thy l -  concen-  m i x t u r e  poly-  

su l foxide  t r a t ion  (ml)  sacchar ide  
(ml)  (M) (/.tmol/g) 

Cellulose p o w d e r  2 3 0 - - 2 7 0  m e s h  ( 5 6 - - 6 3 / ~ m  d i a m e t e r )  
15 500 0 .48  20  0 .05  45 31 

Cross-l inked d e x t r a n  (Sephadex )  
G-75 40  500  0 .78  15 0 .05  65 19 

40  500  1.56 15 0 .10  65 30 
G-150  80 500 1 .38  25  0 .05  115 12 

80 500  3 .12  40  0 .10  130 33 
G-200  120  500  1.92 30  0 .05  160 12 

120  500 4 .32  50 0 .10  180 15 

Cross-l inked agarose (Sepharose-CL)  * 
2B 70 500 1 .20  20 0 .05  100 64 
4B 70 500  1 .20  20 0 .05  100 63 

70 500 2.51 25 0 .10  105 91 

Linear  d e x t r a n  (M r 250  000)  
20  ** 500 0 .54  15 0 .05  45 88 

* Dry p o w d e r ;  p r e p a r e d  f r o m  c o m m e r c i a l  a que ous  suspens ion  by  washing wi th  a g raded  series of  w a t e r /  
d ioxane  m i x t u r e s  and  finally wi th  pu re  d ioxane  fo l lowed  by  lyophi l i za t ion  (see Ph a rmac i a  b o o k l e t  on  
Sepharose-CL and  Ref.  12. 

* * Linear  d e x t r a n  is dissolved in d ime thy l su l fox ide .  
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All isonitrile polysaccharide derivatives exhibited, when kept in the form of 
dry powders in the cold, high storage stabilities (no significant decrease could 
be detected in the binding capacity of isonitrile, Sephadex and Sepharose~CL 
samples refrigerated, over silica gel, for up to 8 months). 

Coupling of proteins and low molecular weight ligands 
Proteins and peptides can be coupled to polymers containing isonitrile func- 

tional groups via four-component condensation reactions involving amine 
carboxyl, aldehyde and isonitrile (Eqn. 1) [1,4,6--10]. In this reaction, carried 
out at neutral pH, the polymeric support (R 4 in Eqn. 1) supplies the isonitrile 
component; the ligand (protein or peptide) supplies either the amine or the 
carboxyl component; a water~oluble aldehyde, e.g. acetaldehyde or glycer- 
aldehyde, and the missing fourth component are added to the aqueous medium 
[1]. The isonitrile group on the support can be steered towards one type of 
ligand functional group by increasing the relative concentration of one of the 
complementary components in the aqueous buffer [1,2,4]. Ligands can there, 
fore be bound through their amino groups in the presence of aldehyde (acetal- 
dehyde or glyceraldehyde) and excess carboxylate or alternatively through 

T A B L E  II  

C O U P L I N G  OF G L Y C Y L - L - L E U C I N E  A M I D E  A N D  T R Y P S I N  TO I S O N I T R I L E  D E R I V A T I V E S  OF 
P O L Y S A C C H A R I D E S  

Polysacchar ide  ion ized  b y  the  add i t i on  of  s o d i u m - t e r t - b u t o x i d e  (500  /zmol/g p o l y m e r ) ,  fo l lowed  b y  
1 - tosy l -3 - i socyanopropane  so lu t ion  at  the  speci f ied  c o n c e n t r a t i o n  (see * and  **). F o r  details ,  see Table  I). 
B o u n d  G l y - L e u N H  2 was  e s t i m a t e d  f r o m  the  leuc ine  c o n t e n t  of  p o ly saech a r id e -G ly -Leu NH 2 conjugates .  
Bound  t ryps in  indica tes  coup l ing  via -NH 2 groups  on  e n z y m e .  Buffe r  compos i t i on :  0.1 M p h o s p h a t e ,  0 .5  
M ace ta t e ,  0 .45  M a c e t a l d e h y d e ,  p H  8. To ta l  b o u n d  t ryps in  was  d e t e r m i n e d  b y  a m i n o  acid analysis  o f  acid 
h y d r o l y z a t e s  of  the  app rop r i a t e  po lysacchar ideo t ryps in  con juga te .  Act ive  b o u n d  t r y p s in  was d e t e r m i n e d  
b y  ra te  assay.  

Po lysacchar ide  B o u n d  Bound  t ryps in  
G l y - L e u N H  2 
Qumol/g) To ta l  Act ive  Pe rcen tage  of  to t a l  

(mg/g  con juga te )  (mg /g  con juga te )  

Cellulose p o w d e r  ( 2 3 0 - - 2 7 0  m e s h ;  56- -63  ~ m  d i a m e t e r )  
31 * 12 .2  

Cross-l inked d e x t r a n  ( S e p h a d e x )  
G-75  19 * 8.8 

30 ** 15.1 
G-150  12 * 12.7 

33 ** 16 .5  
G-200  12 * 15 .7  

25 ** 15 .4  

Cross-l inked agarose  (Sepharose-CL)  
4B 68 * 61 .6  

91 ** 91 .3  

L inea r  d e x t r a n  (M r 250  0 0 0 )  
88 * 264 

8.2 67 

8.8 100  
10.5  70 

8.8 70  
11 .0  66 
12.3 78 
11.6 75 

24 .3  40  
28 .5  30  

1 8 6  70  

* Ion ized  po lysaccha r ide  t r e a t e d  w i th  0 .05  M 1- tosy l -3 - i soeyanopropane .  
** Ion ized  po lysaccha r ide  t r e a t e d  wi th  0 .10  M 1- tosy l -3 - i socyanopropane .  
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their carboxyls in the presence of aldehyde and an amine (e.g. tris(hydroxy- 
methyl)aminomethane (Tris)). 

Table II summarizes experiments on the coupling of glycyl-L-leucine amide 
and trypsin to isonitrile polysaccharide derivatives via the amino groups on the 
ligands. The various supports were prepared with two concentrations of 1-tosyl- 
3-isocyanopropane (0.05 and 0.10 M). The data show that derivatives prepared 
with the higher 1-tosyl-3-isocyanopropane concentration exhibited higher 
binding capacities for both peptide and protein. This finding is in good agree- 
ment with the data of Fig. 1. 

The specific activity of trypsin bound to cellulose powder, and to linear and 
cross-linked dextran was 70--80% of that of the native enzyme. In the case of 
trypsin bound to cross-linked agarose beads, despite the considerably higher 
protein content (4--6 times, as compared to cross-linked dextrans) the specific 
activity of the bound enzyme was lower. This is most probably due to diffu- 
sional constraints on the penetration of substrate, often encountered with 
porous beads which are heavily loaded with enzyme [29--31]. 

Urease, an -SH enzyme known to be sensitive to aldehydes was almost com- 
pletely inactivated under conditions where the buffers required for the appro- 
priate four-component reactions contained the relatively high concentrations 
of acetyldehyde normally employed (0.45 M; see Table II). The deleterious 
effects of aldehyde on the activity of urease bound through the amino and 
through the carboxyl groups on the protein were essentially eliminated by 
lowering the concentration of acetaldehyde in the coupling mixture (0.045-- 
0.09 M). Under these conditions the coupling yields and specific activities of 
immobilized urease were similar to those recorded for trypsin in Table II. 

Comparison of the peptide and protein-binding capacities of the isonitrile 
derivatives of cross-linked agarose with literature values for the binding of 
peptide (Gly-Leu) and protein (chymotrypsin) to cyanogen bromide-activated 
cross-linked agarose [32] shows that similar amounts of peptide can be bound 
by the two methods (Table III). The amounts of protein bound to the isonitrile 
derivative of agarose (2.6--3.8 pmol/g) are, however, considerably higher than 
those recorded for CNBr-activated agaroses yielding derivatives of comparable 
peptide content (0.35--1.7 pmol/g [42]; Table III). 

The higher (bound protein)/(bound peptide) ratio obtained with isonitrile 

T A B L E  I I I  

B I N D I N G  C A P A C I T I E S  OF  C R O S S - L I N K E D  A G A R O S E  D E R I V A T I V E S  

M e t h o d  of  a c t i v a t i o n  * B o u n d  l igand  ( p m o l / g )  

Pep t ide  Prote in  

B o u n d  p r o t e i n ] b o u n d  pept ide  (X 102)  

C y a n o g e n  b r o m i d e  ** 25 0 .13 0 .5  
70 0 .35  0 .5  

120  1.7 1.4 
Isoni t r i le  de r iva t ive  * * * 68  2.59 3.8 

91 3 .84  4 .2  

* S u p p o r t :  Sepharose -CL,  4B. 
** D a t a  o f  Porath ct  al. [ 3 2 ] ;  pep t ide ,  G ly -Leu ;  prote in ,  c h y m o t r y p s i n .  

*** This c o m m u n i c a t i o n .  Data  tak e n  f r o m  Table  II.  Pep t ide ,  G l y - G l y - L e u N H  2 ; prote in ,  trypsin.  



T A B L E  IV 

S T A B I L I T Y  O F  C E L L U L O S E - G L Y - L E U N H  2 C O N J U G A T E S  

135 

Conditions Pept ide  c o n t e n t  o f  der iva t ives  

P r e p a r e d  b y  f o u r  c o m p o n e n t  
r e a c t i o n  w i t h  i soni t r i le -  
ce l lu lose  

P r e p a r e d  b y  C N B r  
a c t i v a t i o n  o f  ce l lu lose  

p m o l / g  P e r c e n t  o f  ~zmol/g P e r c e n t  o f  
c o n t r o l  c o n t r o l  

C o n t r o l  27 .8  1 0 0  
0 .1  M c a r b o n a t e ,  p H  9 ( 4 8  h ,  3 0 ° C )  2 8 . 2  1 0 0  
0 .2  M p r o p y l a m i n e ,  p H  9 ( 4 8  h ,  3 0 ° C )  26 .9  9 8  

8 0 . 5  1 0 0  
53 .5  6 6 . 5  
50 .4  6 2 . 6  

agarose derivatives (last column of Table III) is most probably related to the 
fact that the -NC group does not undergo competing hydrolytic reactions with 
the aqueous medium in the pH range employed for coupling (pH 7--8) 
[1,4,33]; competing hydrolysis of the active intermediate in the CNBr activa- 
tion method is known to occur at pH values above neutrality [34]. 

In view of the wide acceptance of polysaccharides as supports for enzyme 
immobilization and particularly in affinity chromatography, it was of interest 
to compare the relative stability of the linkage between low molecular weight 
ligands and a polysaccharide matrix in conjugates prepared via isonitrile and via 
CNBr-activated derivatives of the polysaccharide. Recent reports drawing atten- 
tion on the leakage of ligands from polysaccharide conjugates prepared by the 
CNBr method enhance the relevance of such comparison [35--39]. 

Table IV summarizes experiments carried out with Gly-LeuNH2 conjugates 
of cellulose prepared by a four-component reaction with the appropriate iso- 
nitrile derivative and via CNBr activation [32,34]. The two peptide cellulose 
conjugates were incubated at 30°C for 48 h with 0.1 M carbonate (pH 9) and 
with a nucleophile, 0.2 M propylamine, pH 9. 

A 30--35% decrease in peptide conent was found for the cellulose-Gly- 
LeuNH2 conjugate prepared b: Br activation. No loss of bound ligand was 
observed for cellulose-Gly-Le~ : prepared via a four-component reaction 
with isonitrile-cellulose. 

Concluding remarks 
Isonitrile derivatives of polysaccharides offer several advantages as supports 

for the fixation of high and low molecular weight ligands via stable covalent 
bonds. 

The isonitrile functional groups are attached to the polysaccharide backbone 
by O-alkyl side chains. The -NC groups generate peptide bonds in four-com- 
ponent reactions, with the ligand moiety. The ligand polysaccharide conjugates, 
hence carry no residual charged groups deriving from either the modification or 
coupling reactions. 

The use of four-component reactions for coupling to isonitrile containing 
polymers allows the covalent fixation of ligands carrying ~ O O H  as well as 
-NH2 functional groups to the same polymeric support [1--5]. In the case of 
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enzymes sensitive to aldehyde, protection against the harmful effects of the 
reagent can be obtained through the lowering of the aldehyde concentration in 
the aqueous buffer without impairing the efficiency of  binding. The -NC 
moiety on a polysaccharide matrix can, according to the envisaged application, 
be also transformed into many other types of  reactive groups by four-com- 
ponent and other simple one-step reactions [1--7]. 

Coupling procedures based on isonitrile derivatives of polysaccharides, could 
thus provide alternatives to coupling by cyanogen bromide activation. 
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