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Dimerization of a-Chymotrypsin. IT. Ionic Strength and 
Temperature Dependence* 

Kirk C. Aune,t Lowell C. Goldsmith,$ and Serge N. Timasheffg 

ABSTRACT : The acid dimerization equilibrium constant of 
a-chymotrypsin was determined by the method of sedimenta- 
tion equilibrium as a function of ionic strength and tem- 
perature. It was found that this reaction is accompanied 
by the apparent preferential binding of salt, a negative change 
in heat capacity, and a positive entropy at low temperature. 
Change of medium from H20 to DzO enhanced the dimeriza- 

I n  the preceding study (Aune and Timasheff, 1971) an 
analysis of the pH dependence of the dimerization of a-chy- 
motrypsin below pH 5.5 revealed that it could be completely 
accounted for in terms of two specific interacting charged 
groups in the dimer. These groups were identified as being 
most likely the imidazole group of histidine 57 and the a- 
carboxyl group of tyrosine 146. 

In earlier studies, Steiner (1954) and Egan et al. (1957) 
had found that an increase in ionic strength enhanced the 
association of a-chymotrypsin in the acid pH region. Steiner 
(1954) interpreted this effect in terms of the diminution of 
unfavorable electrostatic repulsion. The temperature de- 
pendence of turbidity at a single protein concentration further 
led Steiner (1954) to conclude that the enthalpy of dimeriza- 
tion was very small or zero. In  the present study, it has been 
found that the nonspecific ionic strength effect might be 
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tion. Perchlorate ions were found to strengthen dimer for- 
mation, while sulfate weakened it. Analysis of these ther- 
modynamic observations led to the conclusions that water 
leaves the domain of the intermolecular contact region when 
the dimer forms and that the released water comes not only 
from hydrophobic sites, but also from the hydration shells 
of charged groups in the contact region. 

of minor importance, the predominant effect of salt being a 
change in preferential solvation in the contact region of the 
dimer. This change is reflected in a temperature dependence 
of the association. The significance of these observations 
to the mechanism of a-chymotrypsin dimerization is discussed 
in this paper. 

Materials and Methods 

The deuterium oxide used in this study was Bio-Rad1 
Lot No. 7056. The density and viscosity of deuterium oxide 
used were those compiled by Kirshenbaum (1 951). The 
sedimentation coefficient of a-chymotrypsin was measured 
in the conventional manner on a Spinco Model E analytical 
ultracentrifuge at  56,000 rpm. The schlieren patterns as a 
function of time were recorded on Kodak metallographic 
plates and peak positions were measured on a Nikon 6C 
microcomparator. The least-squares slope of the natural 
logarithm of the peak radial position us. time was computed 
and the results were corrected according to Svedberg and 
Pederson (1940) to the conditions of hydrogen oxide at 20" 
on a Wang 370 electronic programmable calculator. The 
partial specific volume of e-chymotrypsin in deuterium oxide 
was assumed to be lowered by a factor of 1 / 1 . ~ 1 5 5  relative to 
that in hydrogen oxide, because of hydrogen exchange without 
volume change (Hvidt and Nielson, 1966; Edelstein and 

1 Mention of this and other companies or products is for the conveni- 
ence of the reader and does not constitute an endorsement by the U. S .  
Department of Agriculture. 
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FIGURE 1: Dependence of the free energy of a-chymotrypsin di- 
merization on ionic strength. Open circles are data in NaC1; filled 
circles are data in CaCL. Conditions: 25" ,  0.01 hi  acetate buffer, 
pH 4.1 and 4.0, for NaCl and CaCI2, respectively. 

Schachman, 1967). This resulted in a correction of s ~ ~ , , ~  of 
cu. 6.5z;. The mass increase in deuterium oxide should 
increase the absolute value of s?~,, ,  by only ca. 1 %. The tem- 
perature coefficient of the partial specific volume of a-chy- 
motrypsin, D, was taken to be the same as that of bovine 
serum albumin (Hunter, 1967), so that: = 0.736 - 0.00035- 
( t  - 25), where t is the temperature in degrees Celsius. The 
operation of the ultracentrifuge at temperatures above 30" 
was facilitated by lining the wall of the chamber with a 
0.020-in. thick flashing aluminum cylinder. With the aluminum 
cylinder in place, the elevated temperatures could be main- 
tained even with the refrigeration turned on, so that no 
oil condensed on the lenses during the runs. All other ex- 
perimental procedures have been described in the preceding 
paper (Aune and Timasheff, 1971). 

The water and ion-pair activities of the various salt solu- 
tions were extracted from the data compiled by Robinson 
and Stokes (1959). 

The association of a-chymotrypsin was also followed by 
sedimentation equilibrium experiments and the thermody- 
namic dimerization equilibrium constant was computed from 
the concentration distribution in the ultracentrifuge cell in 
the manner already described (Aune and Timasheff, 1971). 
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FIGURE 2: Dependence of the natural logarithm of the dimeriza- 
tion equilibrium constant on the natural logarithm of ion-pair 
activity. Open circles are NaCl; filled circles are CaCL Conditions: 
25" ,  0.01 M acetate buffer, pH 4.1 and 4.0 for NaCl and CaC12, 
respectively. 
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Results and Discussion 

The dependence on salt concentration of the acid dimeriza- 
tion of a-chymotrypsin was examined between 0.02 M and 
0.50 M, for several ionic species. The resulting dependence 
of the free energy of dimerization at pH 4.1 on ionic strength 
is shown in Figure 1 for NaCl (upper curve) and CaCI? 
(lower curve). It is seen that for both salts, an  increase in 
ionic strength enhances the dimerization reaction. The two 
curves are, however, displaced from each other, indicating 
that the observed effect cannot be interpreted solely in terms 
of nonspecific Debye-Huckel screening of electrostatic inter- 
actions, and that specific ion effects must be operative. Plotting 
the data as the logarithm of the equilibrium constant cs. 
the logarithm of the ion-pair activity gives a close to linear 
relationship, as shown in Figure 2 .  Recalling (Aune and 
Timasheff, 1971) that the equilibrium constant of dimerization 
can be expressed in terms of solution variables, the total 
differential, d In K,  at constant pH is 

d In K = (----) In K d In as f 
b In ax- "ri20 

where the subscript X refers to supporting electrolyte. Using 
the Wyman equation (1964) 

and rearranging yields the expression 

d _ _ _ _  In K - 
d In ux 

d In m , O  

d In ux 
- Ai;x + Ai;rx,o __ (3) 

Tanford (1969) has discussed this equation and has shown 
that, for multicomponent systems, the quantity, d In Kid In ax, 
is the difference between preferential binding of solvent com- 
ponents, APpre,, to the two end states of the reaction in 
question. The parameter, Ai;,,,r, can be written as 

Afipref = Afix - ~ in x Afialo 
ma20 

(4) 

where mi represents the molality of species i. Thus, the slopes 
of the lines in Figure 2 are the quantity, Ai;pref. For a dimeriza- 
tion reaction, this quantity can be expressed as 

where the superscripts D and M refer to the dimer and 
monomer, respectively. 

is found to be 1.06 for the sodium 
chloride data of Figure 2 and 0.5 for the calcium chloride 
data. Assuming that there is no change in hydration during 
dimerization, i.e., that the quantity, fia,oD - 2i;~?0", is equal 
to zero, leads to the result that, at pH 4.1, dimer formation 
is accompanied by the binding of one sodium chloride ion 
pair or one-half of a calcium chloride. In solutions 
of electrolytes, the experimentally obtainable quantity is 
the ion-pair activity, namely, the combined activities of the 

The quantity, 

1618 B I O C H E M I S T R Y ,  V O L .  10, N O .  9, I 9 7 1  



D I M E R I Z A T I O N  O F  a - C H Y M O T R Y P S I N .  11 

12 

Y 

-1 
c IO  

8 

2 4 6 

-Ln  O N o C l  

FIGURE 3:  Dependence of the natural logarithm of the dimeriza- 
tion equilibrium constant on the natural logarithm of the sodium 
chloride ion-pair activity; 2 5 " ,  0.01 M acetate buffer; open circles: 
pH 3.40; filled circles: pH 5.10. 

ions making up the neutral salt (Robinson and Stokes, 1959). 
Because of this, Afix is a measure of the interactions of both 
ions with the protein, even though the energies and mech- 
anisms of interaction with a protein of the cation and anion 
of an ion pair may be quite different. For example, it is 
quite possible for one ion of a neutral salt to become strongly 
bound at a specific site on the protein, while the other ion 
interacts nonspecifically with the protein as a component 
of the Debye-Huckel double layer. Single ion activities can 
be derived only by making assumptions. Thus, if the binding 
of only one ion of a pair changes during the reaction, this 
change cannot be measured directly, but can be calculated 
in terms of a model. The quantity, Afix, can be expressed 
in general form in terms of changes in binding of single 
ions, Afi+ and Afi- 

A f i + ( l + ? , X ) + A f i - ( l  - x X )  
ABx = - (6) n 

where 

(7) 

and 

n = n+ + n- (8) 

with n+ and n- representing the number of cations and anions 
per mole of neutral salt and y the activity coefficient of the 
subscripted ionic species. As discussed elsewhere for 
the uniunivalent case (Aune and Tanford, 1969), the 
quantity, X ,  is usually considered to be zero. Inspection 
of eq 6 shows that nonintegral values of ABx are not im- 
possible, since in the case of calcium chloride, a value of 
less than one could be obtained for ABx, if less than three 
ions became bound during dimer formation. 

In the preceding paper (Aune and Timasheff, 1971), it 
has been shown that the asymmetric dimer present in the 
a-chymotrypsin crystal (Matthews et al. ,  1967) is most prob- 
ably maintained in solution. This imposes the requirement 
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FIGURE 4: Dependence of the natural logarithm of the dimeriza- 
tion equilibrium constant on the reciprocal of the absolute tem- 
perature. Conditions: 0.178 M NaC1, 0.01 M acetate buffer, pH 
4.10; filled circles are data obtained in 0.10 M NaC1, corrected to 
0.178 M. 

that the dyad axis of symmetry present in the crystal must 
also be satisfied by bound ions. A single bound ion or ion 
pair could not satisfy the dyad axis of symmetry unless it 
were located direcrly on the axis of symmetry. Since this 
is highly improbable, the binding of a minimum of two cations 
or two anions is required to explain the ionic strength de- 
pendence. Alternately more ions or ion pairs could become 
bound during dimerization, if ABH~o had a positive value. As 
will be shown below, this is very unlikely. 

An examination of ABpref as a function of pH for the 
case of NaCl has revealed that this quantity is pH dependent. 
As shown in Figure 3, the slopes of In K us. In U N ~ C I  are 0.6 
and 1.3 at pH 5.1 and 3.4, respectively. It is very improbable 
that the difference between the number of ions specifically 
bound to the interaction site in the monomer and dimer 
could be pH dependent. Since this would necessarily affect 
the pH dependence of the number of protons released during 
the reaction, it would require that the mechanism of dimeriza- 
tion also vary with pH. Such a requirement would obviate 
the simple interpretation of the observed pH dependence 
of a-chymotrypsin dimerization (Aune and Timasheff, 1971) 
in terms of the formation of two symmetrically located iden- 
tical interprotein ion pairs. It seems most reasonable, then, 
that no change in specific ion binding is involved during 
dimerization, but rather that the observed ApPrer reflects a 
nonzero value of ABHzo, namely a change in the degree of 
hydration of the protein during the association. The experi- 
mental results at pH 4.1 would then correspond to A C H , ~  
of about -240 moles of water per mole of dimer formed 
in sodium chloride and -270 in calcium chloride. Thus, 
approximately 125 water molecules must leace the domain 
of the contact region of each monomer when the dimer is 
formed. This is the maximal negative value for AfiEz0; this 
quantity would become more positive by 125 water molecules 
for every mole of neutral salt bound during the association. 

In order to resolve the question of the solvent species 
which are most important in the dimerization, the temperature 
dependence of this reaction was determined at pH 4.1. The 
results are shown in Figure 4, where the natural logarithm 
of the dimerization equilibrium constant is plotted cs. the 
reciprocal of the absolute temperature. The open circles 
are data obtained in 0.178 M NaCl while the data indicated 
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FIGURE 5 :  Dependence of the sedimentation coefficient, SZD,~ . ,  of 
a-chymostrypsin on pH (pD): open circles, DsO, 0.15 M NaCl, 0.01 
M acetate buffer, 25". The lower curve is a theoretical curve calcu- 
lated for a-chymotrypsin in H 2 0  under the same conditions (based 
on available sedimentation velocity data and equilibrium con- 
stants obtained from sedimentation equilibrium experiments). 
The protein concentration was 3.6 g/l. 

by the filled circles were obtained in 0.1 M NaCl and corrected 
to 0.178 M. It is evident that the data do not follow a linear 
van't Hoft plot, meaning that either the enthalpy is tem- 
perature dependent or that separate processes are being 
measured at the low and high temperatures. Processes other 
than the dimerization could be the formation of covalent 
aggregates or autolysis of the enzyme. These seem to be 
ruled out by the observation that the protein concentration 
distribution in the ultracentrifuge cell can be reversed by 
lowering the temperature after an experiment at 40". 

Furthermore, autolysis is negligible after exposure for 60 
hr to 30" at p H  5 (Kumar and Hein, 1970). It would, therefore, 
seem likely that minimal autolysis would occur at 40°, pH 
4.1, since only a 50-fold increase in the second-order rate 
constant for autolysis is observed at pH 7.9 (Kumar and 
Hein, 1970) for a temperature increase from 30 to 40". There- 
fore, the enthalpy of dimerization must be temperature 
dependent. Curve fitting of the data of Figure 4 yields a 
value for the change in heat capacity during dimerization, 
AC,, of -700 i 3 0 0  cal/(mole deg). The other derived 
thermodynamic parameters, namely the free energy, AGO, 
enthalpy, AH', and entropy, AS", are listed in Table I. 

The dimerization is accompanied by a positive change 
in enthalpy and unitary entropy, AS,', at low temperatures 
as well as a negative heat capacity change. This is fully con- 
sistent with a hydrophobic interaction being important in 
the formation of the dimer. Namely, ordered water molecules 
around hydrophobic side chains in the monomer are driven 
out when dimer is formed. This loss of ordered water gives 
rise to the positive entropy and negative heat capacity differ- 
ence. 2 The combination of the temperature-dependence and 
ionic strength dependence data support the conclusion that 
water is indeed leaving the contact region during dimer 
formation and that no specific ion binding accompanies this 
reaction. 

2 The small negative value of AS," at the highest temperature studied 
(35") cannot be regarded as sufficient evidence for the ordering of 
water at  higher temperatures. It must be recalled that the experimental 
values of AS,' contain contributiolls from molecular events other than 
a change in the degree of water immobilization, for example, the de- 
crease in the freedom of motion of the protein monomeric units when 
they associate. 
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TABLE I: Thermodynamic Parameters for the Dimerization 
of a-Chymotrypsin in 0.178 M NaC1-0.01 M HAC, pH 4.12. 

~~ ~ 

- AG" AH' 
(kcal/ (kcal/ ASo AS,' 

T ("C) In K mole) mole) (eu) (eu) 

0 . 0  9.20 4.99 14.51 71 79 
5 . 0  9.63 5.32 10.99 59 67 

10.0 9.92 5.68 7.47 46 54 
15.0 10.10 5.78 3.95 34 48 
20.0 10.16 5.92 0.42 22 30 
25.0 10.13 6.00 -3.09 10 18 
30.0 9.99 6.02 -6.61 -2 6 
35.0 9.77 5.98 -10.13 -13 - 5  

AC, 2 - 700 cal/(mole deg) 

~___ _____ 

An independent approach to the problem of the role of 
water in the dimerization mechanism is to change the nature 
of the water itself, i .e. ,  to measure dimer formation in deu- 
terium oxide. Interactions involving water (whether water- 
water or water-protein) should be different for HzO and 
D20. Indeed solubility studies of nonpolar amino acids 
in D20 have led to the conclusion that hydrophobic inter- 
actions should be stronger in that solvent than in H20 (Kre- 
shek et a/., 1965). Thus, if a hydrophobic interaction is 
involved in the dimerization of a-chymotrypsin, as suggested 
from the temperature-dependence study, D20 should enhance 
that dimerization. 

Exactly such an enhancement is observed, as shown in 
Figure 5 ,  where spo.w is plotted cs. pH (pD). The circles 
represent experimental points obtained in D20 at 25", in 
0.15 M NaCI, 0.01 M acetate buffer. The solid line represents 
calculated values of s~~,,,. in HnO under identical conditions 
from the pH dependence of the equilibrium constant, using 
values of 4.1 S and 2.5 S for s:",~ of the dimer and 
monomer, respectively, and a value of 0.006 l./g for the 
concentration dependence constant, k ,  of the equation 

for both species. This calculated curve is consistent with 
scattered experimental values of sz0.,, obtained at various 
conditions, and corrected to these conditions with the es- 
tablished thermodynamic parameters of the association. It 
is clear that in D20, s20,w reaches higher values than in H20. 
The enhancement of the association is accompanied by a 
shift in the position of the pH (pD) maximum to higher 
values by about 0.6 unit. This is consistent with the expected 
shift of the pK's of ionizing groups on a protein when trans- 
ferred from HzO to D20 if the pK's of these groups shift 
in the same manner as that of acetic acid (Glasoe and Long, 
1 960). 

With the knowledge that both ionic and hydrophobic 
interactions are involved in a-chymotrypsin dimerization, 
further insight into the mechanism of this reaction was sought 
from experiments in solutions of salts which are near the 
extremes of the Hofmeister series, namely, sodium perchlorate 
and sodium sulfate. It is known that, in general, sodium 
perchlorate salts in proteins, while sodium sulfate salts them 
out (Von Hippel and Schleich, 1969). Extrapolating this 
to the dimerization reaction, it would have been expected 
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FIGURE 6 :  Dependence of the sedimentation coefficient, SPO,,~, of 
a-chymotrypsin on salt concentration. Conditions: 25 ', 0.01 M 
acetate buffer pH 4.3; open circles: NaC104; filled circles: Na2S04; 
triangles: NaC1; the protein concentration was 3.7 g/l. 

that sodium perchlorate should favor monomer formation, 
while sodium sulfate should favor dimer formation. The 
results, shown in Figure 6, indicate that just the reverse is 
true. The sedimentation coefficient of a-chymotrypsin rises 
most rapidly with an increase in NaC104 concentration and 
least rapidly in the Na2S04 system. The observations of 
Figure 6 were verified by sedimentation equilibrium experi- 
ments and their results are plotted as In K us. In ax in Fig- 
ure 7. The data at low salt activities are somewhat uncertain 
since convective effects might be important at low salt con- 
centrations. The results in sodium sulfate are difficult to 
interpret. In terms of ionic strength, Na2S04 seems to be 
equivalent to NaCl in the low salt concentration range. At 
higher concentrations, however, sodium sulfate no longer 
appears to enhance the dimerization reaction as there is 
no further increase in sZO,n. This could reflect either a specific 
effect on the dimerization or a strong preferential solvation 
of the protein. Accounting for the difference in spo.w for 
a-chymotrypsin obtained in solutions of sodium chloride 
and sodium sulfate solely in terms of difference in preferential 
solvation (Aune and Timasheff, 1970) leads to the result 
that, in sodium sulfate, an additional 1 g of water must be 
bound to 1 g of protein in order to explain the difference 
in sedimentation properties at 0.2 M salt concentration. Since 
such a value of bound water is highly unlikely, the difference 
in S Z O , ~  must reflect, at least in part, a specific effect of the 
salt on the dimerization equilibrium, although some contribu- 
tion from preferential solvation of the protein is also quite 
likely. The thermodynamic equilibrium constants determined 
in sodium sulfate solutions, shown in Figure 7, confirm the 
conclusion that dimerization was suppressed, although these 
values were not corrected for preferential solvation and, 
thus, contain a contribution from that effect. 

The effect of sodium perchlorate is dramatic. The sedimenta- 
tion coefficient rises rapidly to a value of close to 4.0 S at a 
salt concentration of 0.1 M and then appears to level off. At 
higher concentrations the protein is precipitated out of solu- 
tion. The effects of sodium perchlorate and sodium sulfate 
are reversed from what would be expected from their salting 
in and out properties (Von Hippel and Schleich, 1969). The 
rules for salting in and out have been established, however, 
for the activity coefficient of the entire protein molecule 
(Scatchard and Kirkwood, 1932). In other words, the inter- 
action of solvent with the entire surface of the protein molecule 
is important. In the case of a dimerization reaction, the in- 
teraction of solvent with the protein should be significantly 

-10 - 9  - 8  -7 -6 
L "  (I 

FIGURE 7:  Dependence of the natural logarithm of the dimerization 
equilibrium constant on the natural logarithm of the ion-pair 
activity. Conditions: 25", 0.01 M acetate buffer, pH 4.1; open circles: 
NaClO4, filled circles: Na2S04: asterisk indicates a data point ob- 
tained at pH 3.41 and corrected to pH 4.10. 

affected only in the region of intermolecular contact. Thus, 
if this region were to differ appreciably from the general 
surface of the molecule, it is a necessary thermodynamic 
consequence that solvent interactions would result in favoring 
either the monomer or the dimer state. 

Perchlorate ions are believed to salt out hydrophobic 
groups less effectively than sulfate ions (McDevit and Long, 
1952; Schrier and Schrier, 1967; Von Hippel and Schleich, 
1969). Thus, if hydrophobic interactions are present in the 
contact region, it would be expected that the association 
would be stronger in sodium sulfate than in sodium per- 
chlorate. That such interactions are important in the dimeriza- 
tion of a-chymotrypsin has been demonstrated by the tem- 
perature dependence of the reaction and the experiments in 
DzO. The results in the presence of perchlorate and sulfate 
ions then must mean that these solvents cannot act only 
at the hydrophobic regions. It must be concluded, therefore, 
that the solvent ions affect the interaction with water mole- 
cules of the charged groups on the protein in the contact 
region. The net effect must be that, in sodium sulfate, the 
contact region of the monomer molecules is more hydrated 
than in sodium perchlorate. The plausibility of this concept 
was verified by calculations of the mean activity coefficients 
of various salts in mixed electrolytes, according to the methods 
of Robinson and Stokes (1959). The results show that sodium 
fluoride (which is at the same end of the Hofmeister series 
as sodium sulfate) decreases the mean activity coefficient 
of a given salt more than sodium perchlorate at the same 
molality. This is consistent with the notion that the hydration 
shell around charged groups on the protein is more disrupted 
by sodium perchlorate than by sodium sulfate, with the 
result that the chargeecharge interactions of the dimer (Aune 
and Timasheff, 1971) are stabilized. 

Conclusions 

The reaction for the dimerization of a-chymotrypsin as 
written, 2A e At, is an extreme oversimplification of what 
is actually happening when the two protein molecules in- 
teract in a solution of water and ions. The complexity of 
the situation becomes quite evident when the reaction i s  
analyzed under a variety of solvent conditions. The correlation 
of several thermodynamic measurements leads to the following 
conclusions concerning the mechanism of the dimerization 
of a-chymotrypsin. 

1. At least one specific anionic-cationic interaction is 
formed on dimerization (Aune and Timasheff, 1971). 
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2. Part of the enhancement of dimerization when ionic 
strength is increased can be interpreted as being due to a 
diminution of long-range nonspecific electrostatic interactions. 

3. The major part of the observed enhancement of the 
dimerization when salt concentration is increased must be 
attributed to the fact that a certain amount of “structured” 
water must move from the contact region in order to form 
the dimer. 

4. The structured water is probably of two types: that 
found in the vicinity of hydrophobic side chains and that 
found in the vicinity of charged groups in the contact region. 
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Hydrodynamic Studies of Human Low Density Lipoproteins. 
Evaluation of the Diffusion Coefficient and the 
Preferential Hydration* 

Waldo R.  Fisher,t Mary Ethel Granade, and Jack L. Mauldinf 

ABSTRACT: This report concerns the evaluation of additional 
hydrodynamic properties of plasma low density lipoproteins 
(LDL) isolated from two normal human subjects. Measure- 
ments of the diffusion coefficient have been performed in sol- 
vents containing 0.2 M KC1 or 1.4 M KBr. In both solvents 
Di5 ,  xF = 2.17 X 10-7 cm2’sec. f has been calculated for LDL 
from s L‘S. density plots in solutions in which the density was 
adjusted with D?O or KBr, and the values found were 0.966 
and 0.967 ml per g, respectively. The sedimentation coefficient 
has also been evaluated in D20-  and KBr-containing solutions, 
and for these subjects si5, p 1.20 = -38. The calculated 
anhydrous molecular weight of LDL from these two subjects 

T he continuing interest in defining the structure of human 
plasma low density lipoproteins’ has resulted in a series of 
reports describing the hydrodynamic properties of these 

* From the Departments of Biochemistry and Medicine, University 
of Florida College of Medicine, Gainesville, Florida. Receiced Nouember 
23, 1970. These studies were supported by U. S .  Public Health Service 
Grant H E  10316-05 and American Heart Association Grant 70-851. 
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is 2.73 X lo6 g,’mole, and the molecular weight measured in 
solutions containing KBr does not differ. On the basis of the 
linearity of the s cs. density plot, the identity of the hydrated 
density of LDL in H?O-D20 and in KBr-containing solutions, 
and the failure of high KBr concentrations to alter the mea- 
sured value of D, it is concluded that LDL is not preferentially 
hydrated in KBr solutions. 

Upon evaluation of the frictional coefficient an , f z / o  
ratio of 1.11 is calculated, and, if one assumes these mole- 
cules to be spheres, as is suggested by published electron 
micrographs, then the maximum hydration of LDL is 0.34 
g#!g of lipoprotein. 

macromolecules (Adams and Schumaker, 1969; Schumaker 
and Adams, 1969; Del Gatto et ai., 1959; Lindgren r f  a/.,  
1969; Fisher, 1970; Fisher and Mauldin, 1970). In general the 
molecular weight values reported fall in the range of 2.1- 
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