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Polypeptidyl derivatives of proteins (Becker & Stabmann, 1953) 

have been used tiquently to study the effect of rodi- groups on the 

aatalytic propertiea of ensymes (Katohalski et al., 1964). However, in 

addition to any eteric effeats of the substrate-enayne interaction that 

may be imposed by suitably located polypeptides, one must also consider 

the effect of the various short-range forces (Kauzmann, 1959) uhlch 

govern the confornational structure of proteins. By the use of amino 

acid residues containing alkyl side-chains, the polypeptidyl proteins 

can aervu as effective rode18 for ettiying non-polar interactions which 

contribute fmbstantiallyto the native structure of protein6 a8 pell as 

to protein-protein intewactionfh 

A number of reports (Reeker, 1%2; Ona, 1960; Krause, et al. 1963) 

hare iadicated that aertain polgpeptidyl proteins can undergo reversible 

aggregation reactions at much lmmr temperatures than their respective., 

native pretein6. AltboughnativeR?We aggregates onlyathigh temper- 

atures, polyvalyl-R?Jase (PVRHase) solutions aen ahow a turbidity at 

temperatures aa leu as 30'. This lew temperature aggregation must be 

due to the increased apolar interaetiona afforded by the polyvalyl 

chains attached to the en-, since polyglycyl derivatives am actually 

more thermally stable than the native enayre (Becker and Sawada, 1963). 

This report describes some studies of the thermal aggregation of PVRNme 

3IiziGa 
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at 390 *as influenced by salt concentration and hydrostatic pressure. 

Methods aud Materials. The poly-L-valylRibonucleasewas prepared 

from crystalline material(Sigsa lot R5OEO9~after purification on 

carboxymethyl cellulose (Taborsky, 1959). The modification reaction 

was carried out in phosphate buffer at pH 7.6 (Becker & Stahmann, 1953). 

The average length of the added chains was about3based outhe sdditioq 

of 22 moles of valine per mole on 7 sites as determined by dinitro- 

phenylation and analysis. The thersal aggregation studies usre conducted 

inastaiuless steelhighpressure celltithwhite sapphirewindows aud 

with au optical path length of 1 cm (Morita, 1957). Turbidity vas esti- 

mated at 320 mp in a Bsckman DU spectrophotometer. The solutions were 

2 II@. protein in 0.0% phosphate buffer at pH 6.8 and of varying con- 

centrations in sodium chleride as indicated in the results. 

Results and Discussion. The thermal aggregation of PVRNase was fotmd to 

be seuaitive to pH, snd was nwddl between 6 and 7. At pFi 6.47 ad 49O 

the tin@ required for the appearanoe of turbidity as a function of scd- 

ium chloride oonaentration was found as shown on Table I. 

Table l. Effect of salt concentration on turbidity tise 

NaCl (M) Tim req'd for turbidity (see) 

0.5 
0.4 772 
0.3 120 

0.2 0.1 % 

Alternatively, when solutions of PVRNase with different salt con- 

centrations mre wanmd in a water bath at the same rate, the turbidity 

was first observed at 36O with 0.5 R NaCl and at 44° with the 0.1 H salt 

solution. The presenue of higher salt concentrations in ths PVRNaee 

solution pemitted aggregation to proceed faster and at a lower temper- 

ature. Together with the data of Table I, this would suggest that while 
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the low temperature aggregation of PvIplase may be due primarily to at- 

tractive apolar interactions, there are also involved repulsive forces 

which can be diminished by higher ionic strengths. 

The effect of hydrostatic pressure on the rate of thermal aggre- 

gation is shown in Figure 1. The rate of turbidity Increase is high- 

est at 1 atm and decreases markedly at 150 atm and 3OC atm. The time 

soale reflects minutes lapsed after plaoing the PVFU$ase solution into 

the high pressure optical cell at 39O. Hence, the non-zero intercepts 

for the OD ohangeu determined under 150 and 300 atm are due to the ag- 

gregation which takes place in the 7 or 8 minutes required to attaia 

the desired pressures. When the hydrostatic pressure was suddenly re- 

leased, the rate of turbidity formation abruptly increased to that at 

1 atm, showing distinctly the pressure dependence of the aggregation 

rate. 

The diminution of the aggregation rate by applied hydrostatic 

pressures would suggest that the transition state of the rate limiting 

step exhibits a positive volume of activation (Ap). This volume change 

for the aggregation reaction can be determined by using the assumed re- 

0 

Fig. 1. Time Course of PVRNase 
Co 
in Sodium cholride. 
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lationship (Hamann, 1163) between rate constants and pressure: aIn k - 

RT 
where R = molar gas constant and T the absolute temperature. 

We have chosen k to be equal to AOD/atZme (in min.). Since the turbi- 

dity (as OD) changes linearly with t3me (gee Fig. l), we have assumed 

that our system is undergoing condensation polymerization according to 

the relationship T= A.NoVo2 (l+kt) (Oster, 191ir) where Tis the turbi- 

dity, B. a scattering constant, No the initial monomer concentration, PO 

the volnme of the monomer, k the reaction constant, and t the t3me. 

This relationship apparently holds in the early phases of the aggre- 

gation reaction where the particles formed are small compared to the 

320 mp wave length used for the turbidity measurements. 

A plot of the ln @OD/At) versus the pressure on the system is 

shown 3n Fig. 2. It is seen that the AI@ is positive, but that it de- 

creases with increasing salt concentration. Hence, with a smallerb~ 

barrier at higher ionic strength, the rate of aggregation is increased, 

thus conf3rm3ng the observations in Table 1. The low temperature sg- 

gregatl.on of ?'VRNase is apparently made possible by the apolar inter- 

actions of the polyvalyl side chains, but the change 3.n the Ap with 

0.3 M NoCl 0.3 M NoCl 

Av*= 259 ml/mole Av*= 259 ml/mole 

.002 - .002 - 

I ' I I I I I 
0 0 150 150 300 300 

PRESSURE [ATM) PRESSURE [ATM) 

Fig 2,. 
Data obtimom exper 
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salt concentration indicates that the positively charged terminal 

LY-amino groups of the valyl polypeptides exert a siseable (though op- 

posite) force on the aggregation reaction. 

The very large sise of the positive LJ~ cau be interprsted as the 

release of a large number of solvent molecules from the monomsrts poly- 

valyl chains in the rate determining transition state of the aggregation 

Kausmam (1959) has pointed out that the process of transferring hydro- 

carbons from water solution into nonpolar solvents is accompanied by a 

volume increase (e.g., +18.1 ml/mole for ethane into hexane). This 

rather large volume chauge has been interpreted as due to the release 

of water molecules *bounds about the alkane molecules. The reaction 

occurs spontaneously at about room temperature in the direction of fom- 

ing hydrophobic bonds (i.e., non-covalent slkyl-alkyl interactiona with 

the exculsion of solvatiug water molecules). While the magnitudes of the 

AV of reactions cauuot be directly compared to their Op, the general 

sise and posftivity of the Ap here detennimd would suggest that the sg- 

gregation of PVIWase is due mainly to apolar interactions of the alkyl 

side chains of the attached poly~alyl residues. Further observations 

which support this notion sxe that the aggregation of the polyvalyl 

derivative occurs at rather moderate temperatures and that such aggre- 

gations cau be reversed iu the cold (O-40). 

The kiuetius of the aggregation reaction desaribed here is very 

similar to the polymerization of tobacco mosaic virus protein subunits 

reported in summary by Lauffer (l%I+) who has called the process au en- 

tropy driven oue IuvolYing the release of protein bound vater molecules. 

The PVRNase aggregation system offers a sore direct irqm into the 

nature of such endothermic processes ia that the sites of protein-protein 

i&era&ion must clearly involve the non-polar residues of the poly- 

Yslylchains. 
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