
Hydrophobic interaction in sugar sotutions 

Sugars can prevent the the&ma1 denaturation of proteins m soh~tion’~ as 

weft as reduce the extent of therr denaturation by ureas. The possible mechanism by 
which sugars induce stability to denaturation in protein mofecules is not known. 

We have recently observe@ that the sofubility of N-acetJ I ethyl esters of aro- 

matic ammo acids, which have been considered as models’ for the relevant portion 
present in a protein mofecule, is lower in glucose and sucrose solution5 than in water. 
This decreased solubilriy has been termed the “sugaring out” effect by anaIo_qr with 
the “saltmg out*’ phenomenon which describes the decrease in sofubility of non- 
efectro&tes in salt solutions. The increased activity coefficients of the esters in sugar 
solutions and the positive free ener,oy cf transfer of the molecufes from waxer to these 
solutions have been interpreted as arising from the increased hydrophcbic interaction 
which is probably responsible for the increased stabdity of the proteins in sugar SO- 
fUtiORs* 

In a recent communications, the elution of the N-acetyI amino acid ethyl 
esters from aqueous Sephadex LH-20 (hydroxypropql derivative of Sephadex G-25) 
was found to depend on the hydrophobic interaction between the gel and the ester 
molecules. The conclusion was obtained from an cbserved increased retention of the 
esters in the gel at higher temperatures. The increased retention of the esters iu the 

presence of electroIytes indicated an increased hydrophobic interaction betweerr the 
esters and the geI; this supported Kauzmann-s su,, ==estion that the hydrophobic 
mteraction increases in salt solution f. The present communication reports a stu+dy 
of the interaction betKeen the ester molecules and the Sephadex IX-20 geel in sucrose, 
gIucose and fructose soiutions. 

Sucrose and fructose_ like glucoseLG, are not retained in the gel. The void vol- 
ume, V,, of the geI is not effected in sugar sotutions. SuelIing of the gel is reduced in 
sugar soh~tions compared to its swelling in water (FI,. -5 I). Of the three sugars, sucrose 
reduces the swelling most, the effects of glucose and fructose being about equal: 

The retention of the esters in sugar solutions increases, as can be seen from the 
upper part of Fig. 2, where the eIution volume of N-acetyl-L-tyrosine ethyI ester 
(ATYE) in I.5 M sucrose is 50 ml greater than its elution volume in water. To com- 
pare the retention at different sugar concentrations, an afi%nity numberzs A = (V, - 
V,),!g is used nhere V, is the elution voZame of the solute. V, is the bed vofume of the 
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gel, and g is tic dry wei& of the gel in _gzxns (Fg. 2). The affinity of&e esters for 
tire gel (i) increases uitb suga-r ~O~~EEFZELOIZ, the incre.zSe being more rapid at higher 
concentrations of srr_@.xr, and (5) mcre2ses in Sucrme Sofution as compared with tiC3Se 
ccdztiningglncose zndhc~oSe.the a&ity in ttrese latter two solrrtions being nearly 
eqt&. The retention patterz is sfmiTzt to obsematiorrs made in s&t sol~tions~. The 
retentioo of the esters in the gel &kes place by hydro&obic interxtion. The increased 
retention in sugar solueions probably indlcztes stronger hydrophobic intern&on 
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between ester mokcuks and the geL This indicates that hydrophobic&y increases in 
su,.g solutions, with the hydroxypropyr groups of the gel probably being the sites 
where the molecules interact. Eon ever, the possibifity also exrsts that the solubrfitzes 
af the esters in the mobiIe znd stationary phases are diEerent in the absence and pres- 
ence of sugars, and this may explain the present resuks*. 

The reduction in the snehing of the gef in sugar solution probably arises as 
folfows. The ether oxygen in the Sephadex IX-20 is capable of hydrogen bonding with 
water moiecmes to form an oxonIum structure which rest&s in the swefhng of the 
gefxz. Sugar malecuIes, which are capable of forming hydrogen bonds even more 
strongly than wateP, compete favourably for water mofecufes v&h the ether oxygens to 
result in gel shrinkage. Alternatively, by analagy with the shrinkage of the gei at high 
temperatures due to increased hydrophobic interaction’“, the hydrophobic interaction 
of hydroxypropyl side chains in sugar solution may increase resulting in the observed 
gel shrinkage. 

The present result indicates that addition of sugars to water increases hydro- 
phobic forces between additiona groups and molecaIes present in the system. 

NOTE BY THE EDLTOR 

We doubt whether a general “stlgating out” e&ct exists. Experiments III 
quite mother field. namely the paper chromatography of HAuCI, in aqueous 0.1 N 
HCI-glucose so!utlons. were entirely negative. 
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* We are tha&fuI to the retfeser of the paper for pomtmg out this p55sibiIity. 


