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STUDIES ON THE INTEffiCTIO~ EETWEET\; SMALL MOLECULES BY 
GEL FILTRATION IN SEP-HADEX LH-20 

SUMMARY 

A method for the study of the interaction between small mokcules by get filtra- 
tion is described, based OIZ the difference in the retention of the reactants and product 
in Sephadex LH-20 gek The interaction between the anionic detergent sodium dodecyl 
suiphate and methylene blue and tryptopban in acidic solution is described. 

A considerable amount of information is available on the interaction of small 
molecules with Sephadex gels of hi& density, e-g_, Sephadex G-LO, G-25 and LH- 
2Wd. The interaction is determined by hydrogen bonding, n-electron or hydrophobic 
interaction, depending upon rhe gel and solutes invokedzd. 

Recently2 we observed that N-acetyl esters of aromatrc amino acids are re- 
tzined (by hydrophobic interaction) in Sephadex LIZ-20 (hydroxypropyl derivative 

of Sephadex G-25) geP. It ~2s afso inferred that the presence of charges m the 2ro- 

manic amino acids interfered with their retention in the gel. N-acetylphenyIaZan&e, 

whi& carries a negative charge at neutrat pH, is not retzined in the gel although at 
acidic pH, where no eE&ive charge is presznt, the molecule is considerably re- 
tained. 

Based on the above observations, an sttempt has been made to study the 
interaction between small molecules b5 7 se1 filtration. When a group containing 2 

reIatively 1arg.z non-polar moiety with charge(s) attached to it interacts with a similar 
group but with opposite charge( a complex hay&g a reduced or no Tffective charge 
woufd result. This complex would be retained more than the reactants in the gel. En 
reactions where non-polar moieties havirzg similar types of charge interact, the 
resulting compkx, having a mare efiective charge? warrld be efuted befare any of the 
reactants. 

Tn this paper, we report a study of the first type. A Sephadex LH-20 geet column 
is eqtibrated with a sofution of reactant, RI, at a desired concentration. A small 
amount of a solution of the otfier reactant, R,, in which the tot.& cuncentration of 

R, is equal to the concentration at which the gel column has beerr equilibrated, is 



the11 added to the cotrrmo. If fill interacts w&h RL to form 2 compfelc, the sampIe in 
v&ii,-h REt is equilzbrated with RL u rfE be OepIeted with respect to RI. As the mobility 
of the rompIex wouId be Iess thaz the mobiIity of RI, the front depIeted in R, ~31 
mmfe along the c&mm faster than the complex. The resnItznt e!ution prose kiIl 
show a trot@ below the base-Ike of RE solution representing the depletion. This 
would be folIowed by l Lt;e appearance of a peak of the complex enriched ia RI. From 
the areas of the troughs or crests of the cornpIes resrrlting from different R, concen- 
xratlons with a constznt REl concentration, the binding parameters can be determined. 
T’nis principle was used irr order to study the b&em&on behveen the anionic detergent 
sodium dodccyl sulphzte (SDS) zxzxC metbyiene Hue (MB) and tryptophan. 

Sephadex LH-20 (Sigma. St. Louis, MO., U.S.A.), L-tryp~oophan (Merck, 
Darmstadt, G.F.R.) am2 methylene blue (Stzin Grade; BDH, Poole, Great &i&in) 
&eie used. Both tryptophan and the dye showed a singte elmion peak when eluted in 
the ge!. Sodium dodecyi sulphate was recrystalfized twice from 50% ethhanof. Columns 
of dimensions L E x I.8 and 12 x 2.1 cm with bed voh~mes (vii,) of 2S acd 42 mE \%ere 
used for the methy!ene ‘Sue and tryptophan studies, respecri\eIy. D&lied water was 
adjusted ro pW 2.2 with hydrochlonc zcid (An&R). 

The gel wzs soaked in the acrdic solution (pH 2.2) for ca. 60 h before it wzs 
pzcked into the coh~mn. For equiiibration bjr di!?ezeent concentL~tions of MB or 
tryptophan, the geI ir_ the column was washed untif the absorbance of portions of 
eluate from the gel wzs identi=rl with the absorbance of the washing sofvents. 

A !-mI voiume of stock SDS was added to 1 mi of MB or tqptophan so that 
the concentrztior? of the dye or amino acid WES equal to ZES equilibration concentration 
in the geel column. Therf 1 mI of the mixture was loaded into the column and S-MI 
ali zuots of e!uate were coItected, except around the trough, where the voiume of each 
aliquot taken was 2 m!. The fiow-rate was 2,530 ml/h. The corxentration range for 
MS w2s 5 - 10m6--2.5 - 1W’ M (SDS. 2.5 - iOm3 M). The range of tryptophan concentrz- 
tion \%as 5.5- 10-5-2.6 - IO-” M (SDS, I! - IO-’ M). 

Ehtion pro5Ies are shown in Frg. 1, The e!utioo vdumes of the dye and 
tr! ptopIxm were 8.5 2nd 78 mf, respectxve!y. The lowest values of the troughs ;ip- 
peared at the positions of the ehution peaks of the above two compounds within 5 ml. 
W&b MB, the v+sible depfeson of its concentration, indicated by the movement of a 
zoce hr,vizg a Iow dye concemrat~on, could be seen. This MB-depleted zone wzs foI- 
lowed by 2 dye-enriched ~complex between the dye znd defergeeilt) front. The enriched 
front showed a gradual decrease in concentr&ion (dissociation of the compfexx) as it 
moted through the Iength of the gei. By adjjusting the Ao\=rate and volumes of 
&quo+& co!iected, 2 separsiion of aboat 5-G’ mf was obtained between the vafue 
when the trough z-cached equrhbkum and the appearance of the compfex. This pro- 
cedure wzs fogowed for the tryptophan-SDS system aIso. 

The number of mores of MB or tryptophan bound by SEE in the gel c.zn be 
obtained from the proeedtxe of FaircZougfr zrd FrrrtonT The difference between the 
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Fig. I. EIution profile for mesrrrtxmnts of the binding of Ml3 (top) and tryptophaa (bottom) with 
SDS at pH 2.2 xnd 25”. ME 1.1- IW5Af, SDS 2.5. IfF iM.Tryptophari 1.09-10-4_t4, SDS I - 10-5M. 

base-line absorbance of ezch fraction com&utlng the trough was determined and 
used in the equation 

,cmofes bound = 
+(Lf& X Ml,) 

& x fW3 

where AA, is the difference betueen the base-line absorbance value and that of fraction 
i and E is the molar absorptivity of erther MB or tryptophan. The values of E are 
7.2- IO4 at 660 nm and 5.7- IF at 278 nm for MB and tryptophan, respectively. 

The binding parameters, rb., the number of binding site(s), 12. and the associa- 
tion cof~stant, k, were obtained from the OoubIe recipracaf plot of Klotz: 

f I I _=-+_--_ 
a IE nkC 

where C is the number of motes of MB or tryptophzn bound and C is the concentration 
of eit’ner MB or tryptophan with which the ge’f is equihbrated. 

The first necessery criterion for the study of binding equilrbria by gel filtration 
is that the minrmum in the concentr&on in the depfeted front (trough) should appear 
at the efution vofume of the compound wuftb which the coIumn has been equilibrated. 
En the present study, the minima in the troughs appezr within 5 ml of the efution 
vofumes of both MB and tryptophan. The second criterion is that the appearance of 
the enriched front of the equilibrating solve& (complex) should not interfere with the 
measnrements in rhe trough region. En this study, by adjusting the Bow-rate and 
aiiquots collected. a separation of S-7 ml czn be obtained between the value at which 
equilibrium of the depleted front is attained and the appearance of the complex- 
enriched front. 

The double reciprocal plot in Fig. _ 3 shows a reasonably good linear refation- 
ship between f/G and l/C. The plot results in I :I stoicbiometry and 8n association 



co_mant of 6.6- lG2 mole/l for the reaction between MB and SDS. 2% I :I 
stoicbiometry indicates a sim;le metathetica! I reaction, The evidence of E :f compIex 
for-matiorr for the above interaction, is &e&y avaikble in the !iteratires. The associa- 
ma constant of the above reaction (C,,H,&,S- and -04SC,,EZE) compares we8 
with the association constinE of 4.2* l@ ob*Aned from conductivity measurements 
folr the reaction between the ckqk~inethyfammonium ion and azobenzene4 
sdphomte (C,;EL,N- and - O,SC,,H,)‘. 

Fig. 3 shows tie dozble recipra~al p!ot for the tryptopharl-SDS sysrem. Of 
tire various straight lines t&t cm be drawn &ougb the points, the me (sho&n in 
Fig. 3) resulting in an association cocstsnt of 2 8 - I@ and bindkg site (a) I represents 
most s&isfacto&y the bitdzng isotherm @serfed m Frg. 3). These parameters de- 
scribe the bindkg iso: hem rezssonsbly well in the region where the double reciproc& 
plot shop considerable scattering. The interzction betmten tryptophan 2nd SDS cm, 
thxefore, be considered to be a sinpIe metatheticai reaction_ 



SMALL-MOLECULE INTERACTBXX STUDY BY GEL FILTRMTON 97 

The interaction between SDS aizd @mine and phenylakmine did not show 
any well defined trough by which studie E such as those described above could be 
made. The conpIexes formed, probably having Iow associatioo constants. dissociate 
rapidly while movihg through the geI bed. This indicates that -nless the association 
constant between the reactants are above certain value, the interaction between the 
molecules cannot be studied by the method described here. 
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