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CHROM. 5970 

*Affinity chromatography of phosphofructokinase using Cibacron blue 

F3G-A 

Phosphofructokinase (EC 2.7.1.11) binds to Blue Dextran 2000~ with high 

specificity and affinity 1-4. It was also found by H=IECKEL et clZ.j, STAAI. et al.0 and 

BLUME ut aJ.7 that this dye binds to pyruvate kinase (EC 2.7.1.40) as well. In contrast, 
other enzymes tested apparently do not show any affinity to Blue Dextranlp” under 
certain conditions. 

The chromophoric group of Blue Destran 2000 seems to be responsible for these 
interactions, since free Destran 2000 was found to be completely inert”. Blue 
Dextrti, immobilized by cross-linked polFcrylamide gel, can be used as a suitable 
adsorbent for phosphofructokinase in chromato~rapllic esperiments. The dye-enzyme 
complex can be split either by eluting with solutions of increasing ionic strength or 
more specitically by _\TP at IWV concentrations. Underlining tlltl specificit). of the 

ATP effect, it \vas shown that ITI’ does nut split the cl~romol~l~or~nz~me comples. 
Thus, it seemed possible that a particular case of affinity chromatography could be 
developed by making use of the specific and reversible interactions betwe~~n this 
type of dye hised to an insol$le support and l’ll’)~l’llofructokiIlase. 

Materials md wethods 

rc~trbliq (If Cihxw i~im k~C;-_-i tu .~t~phd~*.~ G-ax). _I solutiun of 2 g of Cibacron 
blue F3G-A in 60 ml of water was added dropwise with vigorous stirring to a suspen- 
sion of IO g of Sephadex G-zoo (or another polysaccharide) in 350 ml of water at a 
temperature of 60’. After stirring for 30 min, -15 g of sodium chloride were added and 
the stirring was continued for I h. -After that the mixture was heated to 80 , treated 
with 4 g of Ka,CO, and kept for a further 9 11 with stirring itt this temperature. 
After cooling to room temperature the gel 1va.s filtered by suction on a Bi: ;,I,, 
funnel and washed with water until the tiltrate becamt* rolourles~. 

Idenhjicatiou of the structwt* of Illzrt~ Dcstrnrr. 2c~oo. At the beginning of this 
study the structure of the dve. Blue T)estran. teas unknown to us, therefore some 
chemical reactions for the identification of the chromopht~rt~ were tested. Cltaa\.age 
with sodium dithinnite uader alkaline conditions gives a compound \vhicll llas been 
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identified as quinizarine. From the visible spectrum of undegraded Blue Dextran and 
its behaviour during acidic and alkaline hydrolysis we concluded that Blue Dextrm 

is composed of a reactive dye having a q-phenylamino-x-amino-anthraquinone struc- 
ture coupled co~~altwtl~ to Destmn 1000 by means of cyanuric chloride. In order to 
test the chromophore specilicity of phosphofructokinase binding, different products 
have been prepared by coupling Dextran 2000 with a series of Cibacron dyes. Only one 
of them, the coupling product with Cibacron blue F3G--1 (Fig. ~4) was found to have 
the same high affinity for phosphofructokinase as commercial Bbe Dextran zooo@. 
From these results it was concluded that the structure of the chromophore of Blue 
Dextran is very similar, if not identical, to that of Cibacron b!ue F3G-A’ (ref. 3). 

~ltrontntc~~~l~f/lic t~sjwimnts. It has been shown in a previous pape? that the 
power of affinity of phosphofructokinase_Blue Dextran can be estimated from the 
ionic stremgth of the eluting buffer required to dissociate the enzyme from the immo- 
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hazed Blue J3extra.n packed into a chrornatographic column. This can be carried out 

Z’ by eluting with a concentration gradient of ammonium sulphate. Experiments with 
““Cibacron blue FSG-A-substituted Sephades G-209 (abbreviated to FjG-A-Sephades 

G-zoo) showed that this gel binds phnsphofructokinase ver\* strongly (Fig. z-4). Tlw 
:.: ionic strength of the eluting bu&r necessary for dissociation of the enzyme from the 
:,’ F3G_A-Sephadex matrix is apparently higher than that required to split the Blue 
’ D&ran enzyme complex. Furthermore, the binding capacities of the two gels are 

different. FjG-A-Sephadex G-200 binds approximately fifty times more phospho- 
fructokinase than immobilized Blue Dextran in polyacrylamide gel, with respect to 
their packing volume in the column. Fig. ZB shows the elution profile using an 4TP 
concentration gradient. The Blue Dextran enzyme complex is dissociated with ap- 
proximately 2 m.M ATP (see ref. 4 for details), however the phosphofructokinase 
complex with FSG-A-Sephades G-_ ‘700 is not dissociated by .\TP, not even with still 

higher concentrations (up to 20 md9). On the other hand. a higher ionic strength 
obtained by adjusting with ammonium sulphate splits the I;$;-.\-enzynw complex. 
Because there are no differences in the cllrc!nlop~loric wmponcnt of the two matrix 
systems, it can be concluded that the pc~iy~accharidtt carrier influences the interactions 
between the protein and the chromophore. This assumption is strengthened- by the 
observation that phosphofructokinae bound to Cibacron blue FSG--\-substituted 
cellulose cannot be eluted by either high concentrations of ammonium sulphate or 
ATP. 

Fig. 3 illustrates binding experiments with i’hc~sph”fructokinases from different 
sources’ . All the enz!-mes eshihited a remarkable attinity to the Blue Destran pal,\‘- 
acr@.n~ide gel. They can be eluttxd with incrcar;in, G ~-(,llc:eIitraticl:ls of ;~rmnoniuni 
sulphate. 

Tiw binding po\\‘c’r c!f tlw (.ltr( m1~~pIl~m \t.hic.ll can 1x1 dcduwd from tltc ionic 

*We are grateful to Dr. K.-W. WESZEL from this lnstltutc lor the gift of pwiticti human 
erythrocyb phosphofructokinase. 
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strength of the medium necessary for dissociation of the chromophore complex (set 
above) also depends on the pH value of the buffer in the range 6 to 8. The’ enzyme 
binds more strongly at acidic pH values than under alkaline conditions. This effect. i! 
evidently caused by changing the ionization of some of the amino acid residues in the 
protein within this range, which may be responsible for these protein-chromophorc 
interactions. 

As$ects of clzromo~hore sfieci$city. The chemical nature of the interactions be 
tween phosphofructokinase and the chromophore is not yet completely clear. Fron 
the following observations it may be assumed that several functional groups of the 
dye seem to be essential for binding the enzyme. The condensation product of Dex 
tran 2000 with Cibacron brilliant blue FBR-P (Fig. IB), which differs from Cibacror 
blue F3GAonly in the position of the sulphonic acid and amino groups in the phenyl 
enediamine ring, and the reaction product of cyanogen bromide-activated Sepharosc 
4 I3 (ref. IO) with Blue Dextran, do not show any affinity. to phosphofructokinase 
Since Blue Dextran is attached,to the activated Sepharose 4 B by the r-amino groul 
of the anthraquinone, it may be deduced from these studies that this amino group a: 
well as the sulphonic acid residue in the z’-position of the phenylenediamine ring ar 
evidently responsible for the high specific interactions of phosphofructokinase wit1 
this dye. Fig. 4. shows that the steric arrangement of these two groups indeed show 
some resemblance to that of the amino and y-phosphate. groups within the ‘AT1 
molecule. Hence, the conclusion may be drawn that ATP and the dye are bound b 
the same or similar sites of the enzyme. This assumption is consistent with the follow 
ing’observations: (a) the substrate and allosteric inhibitor ATP specifically dissociate 
the phosphofructokinase-Blue Dextran 2000 complex; (b) ITP, although a substrat’ 
but not an inhibitor for phosphofructokinase, does not cause this ,dissociation; (c 
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Fig. 4. (A) Calotto modal of ATP. (13) Calottc rnoclcl of I-amino-+( t’-amino-2’-sulphophenylamino: 
anthraquirione-2-sulphonic acid, the proposed phosplrofructokinasc-binding part of Blue Doxtra! 
Tho arrows indicate identical regions of both molcculcs. 
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Blue Dextran-induced enzyme inhibition is competitive with ATP4. In addition, other 
ATP-dependent enzymes, such as pyruvate kinase and adenylate kinase (unpublished 
observations) also show a significant affinity to Blue Dextran. 

Afq!$icabiZity to emyme @@aration. The applicability of Cibacron-substituted 
Sephadex gel for enzyme chromatography on a preparative ‘scale has been investi.- 
gated in a study of the isolation of yeast phosphofructokinase. After equilibration of 
a suitable column with phosphate buffer (see Materials aad methods) and application 
of the crude enzyme solution to the column, the gel was first washed with the buffer 
(see above) for about 5 11, followed by elution of the enzyme with phosphate buffer 
containing 1.5 A4 ammonium sulphate. As shown in Table I, a remarkable increase of 
specific activity of the enzyme could be obtained after this chromatographic proce- 
dure. Within certain limits, the purification factor was found to be independent of 
the specific activity of the starting preparation. 

PURIFICATION OFYEAST PHOSPHOFRUCTOKINAS~ USING CIBACRON BLUE P3G-A - SEPNADBX G-zoo 
GEL CHROMATOGRAPHY 

The specific activity is cxpressccl as /.lrnolcs Pru- x ,6-P, a mg-1 protein l min-f . 

Spec;ific act,ivity Specific activity Picrification Yield (%) 
of the enzyme aftw factoV . 
before aflsnity chromatography 
ckvontato~vapiby 

0.3 3.8 x3,0 84 
2.3 12.4 3s 
15.0 91.0 2:: 75 

This method may be of general interest for the purification of enzymes like 
phosphofructokinase and others. Several groups of workers have taken advantage of 
the affinity of proteins to Blue Dextran 2000 for the purification of a variety of 
enzymesG~0~7*11-13. C 4 xperiments in our laboratory showed that glucose-6-phosphate 
dehydrogenase from yeast, adenylate kinase and S-phosphoglycerate kinase from 
muscle also show significant affinity to the Cibacron-Sephadex system. 

It seems to us, that th.ese interactions cannot only be applied to enzyme purifi- 
cation but also to the specific removal of certain enzymes 
where they would have an undesirable effect. 

We wish to thank Miss L. WALTER and Mr. V. MUELLER 
nical assistance in this work. 
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