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ABSTRACI- 

The mercapto groups of cellulose xanthate can reversthiy form drsulphtde 
bridges with r_-cysteme Thrs property has been utthsed for the unmobrhsatton of a 
protein and an enzyme These macromolecules, as polythrol denvatlves, formed 
Isulphrde hnkages wrth the matnx urlthout serious drsturbance of then active sites, 
became firmly bound to the xanthate, and were not eluted by normal washmg 
conchtrons Cellulose x&hate IS a cheap, easily prepared matnx whtch permits a 
simple coupling reaction The rmmobrhsatron process IS selecttvely reversible 

INTRODUCiiON 

Water-msoluble polysaccharrdes are popular and useful as matrices for 
munoblhsatron’, and we have used cellulose trans-2,3-carbonate’ 3 for the tmmoblhsa- 
tion of enzymes4 5, antigens and anttbo&es6-8, anttblotics”, and other molecules”, 
and also m a macroporous form’ ’ r2 wmch protects the bound matenal and permrts 
mgh biological actrvmes of the product to be retained However, its productron IS 
costly and labonous because of the need for dry solvents Cellulose xanthate, which 
IS readily available at low cost, was therefore mvestrgated as a matnx for the unmobl- 
hsatton of ammo acrds, protems, and enzymes 

JxPERlMENTAL. AND RESULTS 

Cellulose xantlzafe - Cellulose was converted into the xanthate by a modmca- 
tlonl 3 of the methods of Chen et al l4 and Sanyal et al.’ 5. Dry cellulose (5 g, Sigmacell, 
parttcle stze 38~, Sigma Chenucal Co ) was shaken wtth carbon dtsulpmde (30 ml) 
for 1 h at 4”. 18% Aqueous potassmm hydroxide (60 ml) was then added and the 
mixture was stirred at 4” for 48 h The resultmg, highly VISCOUS, orange mass was 
homogemsed with water (90 ml) and added to methanol (900 ml) The preclpl+ate 

was collected by centrrfugatlon and washed with 5% acetic acid m anhydrous 
-methanol (3 x 100 ml) and finally wrth dry ether (200 ml) The product was ground, 
and washed agam wrth acilfied methanol and ether, and the resultmg whtte material 
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was stored zn ZJCICUO over phosphorus pentaoxrde [Found C, 27 1, H, 4 6, S, 12 8 
C,H9Na0& (d s 1) talc C, 32 3, H, 3 5, S, 24 6%] 

The tluol content of the ceJ_lulose xanthate was estimated by a moticatton of 
a methodI based on use of 5,5’-dtthrobls(2-mtrobenzo~c actd) (DTNB) Cellulose 
xanthate (O-l mg) was suspended m 0 1%~ Tns buffer (pH 8 0, 5 ml) After 20 mm at 
20”, 50~1 of DTNB reagent (39 6 mg of DTNB m 10 ml of 0 lhi sodmm phosphate 
buffer, pH 7 0) was added and strrrmg was contnued for 10 mm The suspension 
was then centrrfuged and the absorbance of the ,upematant at 410 nm was deter- 
mined The thtol content of the xanthate sample was calculated by reference to a 
cahbratron curve obtamed with L-cysteme hydrochlonde The assay was reproducrble 
and showed that 1 mg of cellulose xanthate was equivalent to 15Opg of cysteme 
hydrochlonde 

Reactron of celhiose xanthate zozth L-cystezne - Cellulose xanthate (100 mg) 
was stn-red m 0 1~ sodmm phosphate buffer (pH 8 0,5 ml) for 3 h at 20” A solution 
of L-cysteme hydrochlonde (75 mg) m the same buffer (5 ml) was added to the 
suspensron followed by a solutron (11 8 ml) of potassmm ferrrcyanrde (1 82 g), 
ammomum chlonde (4 86 g), and cone ammoma (7 1 ml) in water (100 ml) The 
mixture was stirred for 2 h at 20” 

After centnfugatron, t 1 c of the supematant was performed on MN-Kreselgel G 
(Macherey, Nagel & Co ) wrth I-butanol-acetrc acrd-water (4 1 5), and L-cysteme 
(RF 0 32) and L-cystme (R, 0 16) as standards Detectron was effected wrth a rmxture 
of redtstllled glacla! acetrc acrd (15 ml), 2,4,6-colhdme (2 ml), and 1% of mnhydrm 

m ethanol (50 ml) at 60” for 10 mm Compounds havmg RF values of 0 32 and 0 16 
were found m the supematant solutron 

The L-cysteme-treated cellulose xanthate cbtamed on centrrfugatton was stirred 
wrth portrons (5 ml) of 0 1~ sodmm phosphate buffer @H 8 0) at 20” for 5 mm 
until, after centrrfugatron, t 1 c of the supematant showed the absence of L-cysteme 
and L-cystme The sohd was packed into a giass column (0 4 x 3 cm) and eluted wrth 
the phosphate buffer untrl de-aerated T IX showed ammo acid to be absent from 
the eluate 2-IMercaptoethanol (2 ml) was lluted under mtrogen to 10 ml with 
phosphate buffer prevtously deoxygenated by nitrogen, the solutron was apphed to 
the top of the column, and fractions (3 ml) were collected under nitrogen The 
column was subsequently eluted with phosphate buffer (10 ml) under the same 
condtttons T 1 c showed that only fractions l-4 contained L-cysteme Ahquots 
(2 5 ml) of fractions i-4 were combmed and extracted with ether (acrdrfred wrth 2~ 
hydrochlonc acrd) untrl the solution no longer possessed an odour of 2-mercapto- 
ethanol (total extract, 200 ml) The aqueous layer was diluted with phosphate buffer 
to 6 ml, and an ahquot (1 ml) was dtluted to 20 ml wrth the same buffer and assayed 
for r_+-cysteme by a modtied mnhydnn method17, as follows 

A solutron of mnhydrm (80 g) and hydrmdantm (6 g) m Zmethoxyethanol 
(2 1) was flushed with mtrogen for 15 mm, 4~ sochm acetate (1 4 1) was added, and 
flushmg was continued for 30 mm The solution was added to a flushed, cooled 
mixture of Zmethoxyethanol (600 ml) and water (600 ml), flushmg was continued 
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for 30 mm, and the murture was stored under mtrogen Usmg Techmcon modular 
equipment, and a penstaltlc pump to automate the process, samples of solutions 
contammg unknown or standard (0 1 pg/ml) amounts of L-cysteme hydrochloride 
(pumpmg rate, 0 42 ml/mm) were segmented with nrtrogen (0 8 ml/mm) and nmhydrm 
reagent (1 06 ml/mm) After passage through a mlxmg coil, the solution was mamtamed 
at 95” for 12 min and then cooled After passage of the solution through 2 debubbler, 
the absorbance was determmed at 570 MI m a contmuous-flow colorxmeter Sample 
solutions were Introduced for 7 mm to give a response on the chart recorder, and 
water was Introduced for 15 mm between consecutrve samples With the ald of a 
cahbratlon curve constructed for the standards, the cellulose xanthate on treatment 
with L-cysteme was found to have taken up 14 4 pg of L-cysteme per mg of sohd 

Renctron of cellulose A-anthate with polythlolated albunm - Albumin was 
converted mto a polythlol denvatlve” as follows A solution (20 mg/ml, 0 5 ml) of 
N-acetylhomocysteme thlolactone m 0 IM sodmm hydrogen carbonate (pH 6 0) 
was mlxed with a solution (10 mg/ml, 10 ml) of bovine serum albumin (Koch-Light 
Labs Ltd ) m the same buffer After 20 mm at 4”, the mixture was fractionated on a 
column (2 x 50 cm) of Seghadex G-25 equlhbrated with 0 1~ sodium hydrogen 
carbonate The same buffer was used as eluant, fractions (1 ml) were collected, and 
the elutlon position of the albumm was determmed from the absorbance of the 
fractions at 280 nm Fractions contammg the polytholated albumm were combmed, 
diluted to 100 ml with 0 IM sodium hydrogen carbonate, flushed with nrtrogen, and 
stored at 4” under mtrogen 

The protem concentration In the polytluolated albumm solution was deter- 
mmed by the Folln’ ’ ” method, with the ongmdl bovme serum albumm as a stan- 
dard The polythloiated albumm solution was found to contam 90 mg of protein 
per 100 ml of solution 

Cellulose xanthate (100 mg) was suspended m a portion (25 ml, contammg 
the equivalent of 22 5 mg of albumin) of the solution of polytbolated albumm and, 
after stirring at 4” for 2 h, L-cysteme reagent (5 ml, prepared as described above) was 
added and stlmng was contmued for 48 h at 4” After centnfugatlon, the solid 
matenal was washed with 0 1~ sodium hydrogen carbonate buffer (pH 10 6, 15 ml), 
and the mixture was recentrlfuged The combmed supernatant and washmgs were 
diluted to 50 ml wit& the pH 10 6 buffer Thrs solution was found to contain 16 mg of 
protein A control experiment involved cellulose xanthate (100 mg) and polythlolated 
albumin (25 0 ml), and replacement of the ferrlcyamde solution with the pH 10 6 
buffer. The final solution contarned 21 5 mg of protein 

The solid prodncts from the treatments of cellulose xanthate with polythlolated 
albumm were washed mitlally with 0 lhl L-cysteme hydrochlorrde m 0 5~ sodmm 
phosphate buffer (pH 7 6,6 ml) and then with the buffer alone (4 ml) The combined 
washmgs were concentrated to 1 ml at 30” m vacua and fractronated on a column 
(1 x 45 cm) of Sephadex G25 equlhbrated with the pH 7 6 buffer The column was 
eluted with the same buffer and the absorbance at 280 nm of each fraction (1 ml) 
was determmed Fractrons contalmng protem were combmed and diluted to 10 ml 
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with buffer, determmatlon of protein concentration showed that 5 mg of protem 
were hberated from the L-cysteme-treated cellulose xanthate-polytbolated albumm 
nuxture, but only 0 55 mg when the L-cysteme treatment was onutted 

Reactzon of celh.zlose xanthate zortlz polythzolated trypszn - Trypsm (ex bovine 

pancreas, Koch-Light, E C 3 4 21 4) was converted mto a polythlol dellvatlve as 
described above, the final solution of the modified enzyme (100 ml) contained 
83 mg of protein, using trypsm as standard The actlvlty of the modified enzyme was 
determmed by a mo&ficatlon of the method of Kumtz”, usmg casem as substrate 
The solution (1 ml) of polythlolated trypsm was added to a sol&Ion (10 mg/ml) of 
casem m 0 1~ sodmm phosphate buffer (pH 7 6, 1 ml) and, after mcubatlon for 
20 mm, 5% aqueous tnchloroacetlc acid (3 ml) was added The resultmg suspension 
was centtiuged and the absorbance of the supernatant was determmed at 280 nm 
One umt of trypsm actlvlty was defined as that amount of the enzyme which hberates 
sufficient tnchloroacetlc acid-soluble products to cause an Increase m the absorbance 
of the supematant of one m 1 mm under the condltlons used The spekic activity 
of the polythlolated trypsm was 69% of that of trypsm 

Cellulose xanthate (100 mg) was reacted with a portlon (25 ml, contammg the 
equivalent of 20 7 mg of protem) of the solutlon of polythlolated trypsm as described 
above for polythlolated albumin Enzyme assay of the combined supematant solutlon 
and washmgs (dxluted to 50 ml) demonstrated that 64% of the ongmal enzyme 
activity (1 46 umts) remained uncoupled 

The solids were also assayed ior enzyme activity by suspension m G I&I sodmm 
phosphate buffer (pH 7 6, 1 ml), 16 3 and 9 3%, respectively, of the ongmal enzyme 

actlvlty was bound to the xanthate m the presence and absence of the cysteme reagent 

DISCUSSION 

In the modn’ied procedure for the preparation of cellulose xanthate, the mate- 

nal was washed with acid, and thus it IS possible that some of the material was m the 
form cellulose-O CS SH, although xanthlc acids are unstable 

The sulphur content of 12 8% does not correspond to a degree of substltutlon 
(d s ) of 12 8/26 9, on account of the variation of the average molecular weight of 
the D-glucose residues of the cham with different d s values, and the precise degree 
of substltutlon (y) of the xanthate was calculated by usmg the formula 

s= 2M,y 100 M, 

yM,+(l--)M, = ’ = (200M,)/S-(M,-M$’ 

where S = sulphur content (Oh), M, = atomic weight of sulphur, M, = molecular 
weight of a D-glucose residue bearing one xanthate group, M, = molecular weight 
of a n-glucose residue A d s 0) value of 0 40 was obtamed For a similar reason, 
m the assessment of the -SH (rto -SNa) content of the xanthate by the DTNB 
method, the first results obtamed by assummg a d s of 1.0 were subjected to a 
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cychng Improvement procedure usmg the formula 

C 

WCv,M,+U-_yJMM,I 
= Yn+i 3 

where C = cysteme eqmvalence @moles), W = weight of cellulose xanthate sodium 
salt kg)), n = number of calculation cycle, x1 = 1 0 A d s value of 0 15 was obtained 
Similar calculations for the cysteme coupnng data gave d s 0 017 The differences 
between these values may be explained as follows The value based on the sulphur 
content IS most hkely to be accurate The lower value obtamed by the DTNB method 
IS not surprismg smce sodmm cellulose xanthate Itself 1s unstableI at nearly neutral 

pH, problems m determmmg free mercapto groups with the reagent have been 
experienced previously and would appear to be due to poor mteractlon of the dissolved 
reagent with the solid Nevertheless, the result shows that the xanthate group of 
cellulose xanthate can react m smular fasbon to a free mercapto group This was 
cotimed by the demonstration that r_-cysteme could be coupled to cellulose xanthate 
vza a dlsulphrde hnkage, the low extent of the reactlon was possibly due to mstablhty 
of the cellulose xanthate at nearly neutral pH, mefficlent reactlon, formation of cystme, 
or mcomplete reversal (release) The posslblllty of simple adsorption of the L-cysteme 
by the xanthate IS discounted on account of the effective washmg techmque employed 

The feaslblhty of reactlon with a macromolecular thlol was next mvestlgated 
Since protemaceous, enzyme combmatlon was the ultimate goal, a protem was used 
for the test However, L-cysteme present in protems IS usually involved m dlsulphlde 
bndges Such bndges may be reduced to mercapto groups, but this IS madvlsable 
since bIologIca actlvlty rmght be lost on disturbance of the tertiary structure It was 
thus consldered more expedient to Introduce the mercapto groups by reactlon of 
the ammo groups of the protem with homocysteme thlolactone (1) 

After treatment of an albumin with 1, fractionation of the reaction rmxture 
by gel filtration separated the polythlolated material from the other species present 
and a good yield of polythlolated protem was obtained, as expressed m terms of the 
ongmal albumin, thus avoldmg the problems ansmg from any water content of the 
undried, ongmal material Although the reaction of trypsm with homocysteme 
thlolactone caused some loss m enzymlc actlvlty, appreciable actlvlty remamed, 
demonstrating that such a derlvatlsatlon does not automatlcally disrupt the active 
site 

From the results obtamed for the coupling of polyttiolated albumin to give 2, 
as assessed by measurement of rellberated protem, it was concluded that an excess 
of polythlolated material was necessary and that nnmoblhsatlon should be effected 
at nearly neutral pH In the absence of cross-hnkmg agent, the polytl-uolated material 
was not adsorbed by the xanthate to any great extent The loadmg of 5 mg of protein 
per 100 mg of xanthate IS acceptable from the pomt of view of enzyme lmmoblhsa- 
tlon since high loaclmg tends to ImpaIr actlvlty by crowclmg effects Although cross- 
hnkmg of the protem to @ve a homopolymer was a posslb&y and could therefore 
have decreased the efficiency of the “copolymenzation”, it was considered that 



232 J F KENNEDY,A ZAhfIR 

NHCOCH, 

Protern- Ndd 

NHCOCH~ 

I 
- Protein-NH-CO-CH-CHa-CH2_SH 

1 

/ 

i 
Cellulose-0-C-SH 

+ Oxidant 

NHCOCHa 

I i 
Protem-NH-CO-Ckf-Cl-L-Cs-S-S-CC-0-Cellulose 

2 

extensive cross-hnkmg would be necessary to cause the protem to become msoluble 
without bemg attached to carrier 

When typsm was immobrhsed on cellulose xanthate, 16 3% of the ongmal 
activity became bound Tlus figure represents the mmimum of enzyme loaded smce 
some decrease m specific activity always accompames covalent rmmobrhsation On 
the other hand, the figure for the control (9 3%) will not have been so affected since it 
IS unhkely that the adsorption process extensively disturbs the active site ofthe enzyme 
In addition, adsorbed enzyme is likely to become released into solutton, partrcularly m 
the presence of substrate, and thus It may be concluded that the control figure 
represents a maximum A figure of 16 3% retention of activity on lmmoblhsation 
of an enzyme compares very favourably wrth figures obtained for other unmoblhsa- 
tion systems 

Thus, cellulose xanthate may be used as an effective matrix for enzyme rmmobl- 
lisatron and for analogous apphcatrons such as production of rmmunosorbents 
Advantages of the xanthate are its easy, non-costiy production and the ease with 
which macromolecular species may be attached The requirement for conversion 
of the macromolecules Into the polythlol derivatives nl=ht be considered a dls- 
advantage, but provided such a derrvatlsation does not adversely affect the brologrcal 
activrty of the macromolecules, it could prove advantageous since it introduces a 
spacer molecule between the macromolecule and matrix, and thereby may enhance 
the activity of the final product In order to conserve the denvatised macromolecule, 
the supematant from the couphng could be reused Finally, the xanthate would 
appear to have an advantage in that the material attached may be selectively removed 
by a process which IS not ion-dependent 
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