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Much attention hat been paid to anthraquiuone-triazine derivatives, which 
have been used as general afEnants in the afbity chromatography of enqxne&* and 
other protein?. The most frequently used carriers of these at&ants are polysaccha- 
rides such as agarose and dextran. However, some of their hydrodynamic properties 
and the economy of their use are not always advantageous. 

Cibacron Blue F3G-A has been used most frequently as an anthraquinone- 
triazine a5ant. So far, experiments using powdered cellulose as a carrier of Cibacron 
BIue for the a&&y chromatography of enzymes and serum proteins have not otTered 
encouraging resultsf --I. The properties of macroporous bead cellulose, however, 
dii% from those of cellulose. Its superior hydrodynamic properties, regular geometric 
shape and high porosity5 on the one hand and its low price on the other have made it 
attractive for chromatographic procedures. 

Previous experiments with Cibacron Blue have shown that the functional part 
of this large molecule, resembling the structure of nucleotides, has an anthraquinone 
arrangeme&_ The afhnity of some enzymes, mainly NAD(P]-dependent dehydro- 
genases of animal origin, e.g., lactate, malate and glyceraldehyde-3-phosphate dehy- 
drogenases, towards this arrangement of the molecule is related to the presence of a 
“dinucleotide fold” super-secondary structure in these enzymes1.2.6_ Gur results have 
also indicated that some simpler anthraquinone arrangements, even without the 

tiazine part, in the form of water-insoluble derivatives show higher afhnities towards 
the given enzymes than the Cibacron Blue derivatives of these polysaccharides’. This 
paper deals with the application of one of these compounds, Remazol Brillant Blue R, 
as a derivative of bead celIuIose for the atBnity chromatography of lactate dehydro- 
genase from rat liver extracts. 

EXPERIMENTAL 

Preparation of the Remazol Briiht Hue derivative of bead cellulose 
The RemazoL Brihant Blue (RBB) derivative of bead celiulose (20-320 pm) 

was prepared by suspending 5 g of bead cAXulose (0.61 g of dry celh.ilose) in 10 mf 
of 0.25 Ri sodium hydroxide solution foBowed by reaction, under continuous 
stirring, withO. g of the dye EE AB 54X Remazol BrBlant BIue R, C-1. Reactive Bhre 
19 (Farbwerke Hoechst, FranhfqMaimn, G.F.R.) at 25 “C for 1 h. The product was 
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washed thoroughly with distilled water until the washings were colonricss, then 
d&i&d water containing 0.02 % of sodium azide was added and the slurry was stored 
at o-4 “C_ The amount of dye bound to the dry celllrlose was determined to be 
65 pmolejg from the visible absorption of the solvent phase after the coupling reaction 
and using a molar absorptivity of 5930 l/mole-cm for kBB in water at 590 run_ 

ArEity chromatography of lactate dehycbogenase from ras ikr homogenate 
In the preparation of 20 % ethanol-10 mM Tris buffer extract from rat Liver?, 

a 20 mM Tris-hydrochioric acid buffer of pH 7 containing 2 m.M of EDTA was 
used instead of 0.5 M sodium chloride solution. Livers were obtained from male 
white rats (Wiistar)). Two procedures were applied in the purification of crude Lactate 
dehydrogenase (LDH) by &i&y chromatography on the RBB derivative of bead 
CdIldOS& 

Procedure 1. -4 IO-ml volume of the RBB derivative of bead cellulose was washed 
with 25 ml of a 0.1 oA solution of bovine serum albumin, 100 ml of 10 mM Tris- 
hydrochloric acid buffer (pH 7.5) containing 1 rn.M of EDTA and 2 rnM of 2-mercapto- 
ethanol (solution A), 100 ml of I M sodium chloride solution and tially with 200 ml 
of solution A. To a column thus prepared (10 ml; 20 x 0.9 cm), a podion of rat liver 
extract (25 ml) containing tmcrcaptocthanol at a final concenmrion of 2 mM and 
wisthe pH adjusted to 7.5 was applied- The column was then washed with 230 ml 
of solution A_ The bound LDH was eluted with 120 ml of solution A containing 
1 rnM of reduced nicotinamide adenine dinucieotide (NADH) (solution C). 

Procetficre 2. This was the same as procedure 1 except that after washing with 
solution A ehttion was carried out with 100 ml of solution A containing 1 mM of 
nicotinamide ademne dinucleotide (NAD) (solution B) and finally with 160 ml of 
solution C. 

For repe2ted applications, the coiumn was finally washed, in both instances, 
wiIh 60 m! of 1 M sodium chloride solution. 

Fractions of 10 ml were collected at a ffow-rate of I2 ml/h and suitable 
aliquots from each fraction were assayed for LDH activity and protein ccmcehtration- 
The catalytic activity of LDH was determined spectrophotometrically9 and the 
protein concentration with bovine serum albumin as the standard”. Aliquots from 
the efkent with the highest specik activity were examined by electrophoresis on 
poIyacrykmide gel. Slab gel ekctrophoresis was performed on SDS polyacrylamide 
gel (lo%, w/w)lr (80 V, 30 m4) for 3.5 h at 25 “C, without addition of thiol. A 
IO-2O-pg amount of sample was apphed. Standard proteins, bovine pancreas ribonu- 
ckxse and chymotrypsin, hen ovalbumio and bovine serum albumin were supplied 
by Calbiochem (San Diego, CA, U.S.A.)_ 

RESULTS AN-D DLSCUSSIOET 

Etherikation of the cellulose hydroxyl groups with Remazol B&ant Blue R 
(I) proceeds in two steps= (srrmnarized in Scheme 1) and, in contrast with Cibacron 
Blue F3G-A’-c, nnder mild reaction conditions. Alkali metal hydroxides promote 
the reaction. The vkylsulphonyl group formed in the first step ether-i&s the polysac- 
charide in the second step and the product is formed with a high degree of conversion. 
The RBB derivative of the bead ceklose (If) had a high stability. 



sellcole l_ 

Of the several anthraquinone-triazine derivatives of bead cellulose, including 
Cibacron Blue FIX&A, the RBB derivative has been shown to be the best for chroma- 
tographic purposes ‘-The RBB derivative of the bead cellulose used was found to 
have a binding capacity of 1.5 mg/ml of rabbit muscle LDH (Biochemica Boehringer, 
Mannheim, G.F.R.) or 0.6 mg/mI of bovine serum albumin (Sevac, Prague, Czecho- 
slovakia)_ 

In previous experiments it was shown 1sL$*7 that NADH was the best eluent of 
LDH from the antraquinone-triazine derivatives of polysaccharides- The immediate 
elution of LDH from the RBB derivative of bead cellulose was also achieved when a 
I mM solution of NADH in equilibrium buffer (solution c) was used. The purification 
factor of LDH from the rat liver extracts may be increased by prior eiution with 
1 mM NAD (solution B), but part of the LDH is also released. Successive elution 
with I mM NADH, on other hand, resulted in an almost 25fold enrichment of LDH 
(Table I). 

The differences between elution in two steps (procedure 2) and a single elution 
with 1 mM NADH (procedure 1) are also apparent from Fig. 1_ Procedure 2 gives 
a purer fraction of LDH. The LDH monomer, having a molecular weight of 35,000, 
is within the range of simple polypeptides of chymotrypsin (molecular weight 22,600) 
and ovalbumin (molecular weight 45,OQO). 

The purification factor of LDH achieved by afhnity chromato_mphy of rat 
liver extract by the procedure 2 is higher than that achieved in four steps of the tradi- 
tional seven-step procedure*. In addition to the practical advantage of time saving, 

TABLE I 

SUMMARY OF THE PURIFICATION PROCEDURES 

Step Step 
No. 

Volume Protein Tota! Specific Purijication Yield 

(ml) (WJ activiry activity factor (76) 
((I/ ( wmp) 

Priocpdure 1: 
ethanobTris W&r 
extract 25 310 473 1.5 1.0 100 
RBl%kid ceIlube, 
affinity elution. 
NADH eluate 120 18 431 24.0 15.7 91 
-Ill-e 2: 
ethanol-Tris buffer 

25 319 452 1.4 1.0 1OQ 
RBB-bezd cell&se, 
affhlity ellztion, 
NADH eiuate after 
NAD ciution 160 8 266 33.3 23.4 59 



NOTES 

Fig. I- SIab po&aayIamide gel ekctrophoresis of sampIes obtained from the &ii&y chmatography 
Of extra3 of rat liter. LefG diqtmt fkom fr2ctioon 24 (pdure I); ccmm mixture of stadard 
pi_oh~~ in the direction of ekerophocsis (chymo~psii ovaibumin and boa senrm z&m.&& 
right. aiiwot from flxt.ion 34 @-oadurc 2). 

the higher yields achieved are of impor%~~ce. Thus, with procedure 1 a 91% yield of 
LDH was ob+Lained, compared KVMI 58% with the four-step procedureS_ It is also of 
importance thaw the R3B derivative of bead cellulose can be used several times af!?er 
previous elution with 1 M sodium chloride solution. 

A similarly successful isolation of LJ3H from r&bit nwscle was ach.ievedT_ 
Finally, it may be sug~~~tfxi that the proper selection of anthraquinoixMriazine 
afkants linked to bead cellulose couId enable us to use these products for the &Sty 
chromatography of some other e-es, 
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