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The effect of a number of anionic azo dyes on the optical rotation of human serum albumin was determined a t  pH 7.4 
and room temperature. The effect of dyes having the general structure p-benzeneazobenzoylaminoacetic acid depends on 
the substituent occupying the para-position of the terminal phenyl group. A H or a OH group in this position increases the 
levorotation, the latter to  -goo, whereas a dimethylamino group lowers it in one case to - 16”. In the case where both the 
D- and the L-isomers of the same dye were tried the rotatory effect was different for the two isomers. The effect also de- 
pends on the protein employed since the rotatory patterns obtained with bovine serum albumin are markedly different from 
the changes observed with human serum albumin. The effect of the dimethylamino group in lowering the levorotation is 
also noted in the group of dyes related to methyl orange. If the terminal substituent is a OH group with the anionic group 
on the opposite end, the levorotation is increased when the anion is carboxylic or sulfonic acid, but not when it is arsonic acid. 
When the anionic group is in the ortho rather than in the para-position to  the azo group the effect is generally smaller. The 
rotatory effects are completely reversed upon removal of the dye. Rotatory dispersion measured in two cases shows nor- 
mal dispersion for a dye causing a large levorotation and highly anomalous dispersion for a dye which strongly decreases the 
levorotation. Measurement of 
dye binding at a single total dye concentration shows the tendency for strongly bound dyes to cause the largest deviations 
from the native rotation. These results are interpreted as structural changes in the albumin molecule caused by the inter- 
action with dye molecules, involving the stabilization of configurations varying in helical content. The variety of rotatory 
patterns observed provide experimental evidence for the flexibility of the albumin molecule and, less directly, for the concept 
of configurational adaptability. 

The large rotatory changes are accompanied by very small changes in reduced viscosity. 

The interaction of small molecules with proteins 
has received much attention in recent years, partly 
because of its importance for the mechanism of 
many biological processes. Most of this work was 
directed toward the characterization of the inter- 
action itself, e.g., the number and identity of the 
combining sites and the forces involved in the in- 
teraction. Except for the case of detergent-pro- 
tein interaction2 no direct experimental attempt 
was made to establish structural changes in the in- 
teracting protein molecule, although such changes 
were suggested by several authors on theoretical 
grounds. The basis for this assumption was fur- 
nished by a number of observations, among which 
the most important were the following: (1) serum 
albumins do not show a plateau in the amount of 
dye bound with increasing free dye.3 To account 
for this observation i t  was proposed that the inter- 
action causes the molecule to “open up” or unfold, 
thus permitting access to new binding sites. (2) 
The large entropy change that regularly accom- 
panies the association of anionic dyes with serum 
albumin and which makes up most of the free en- 
ergy of association has been attributed by Karush4 
to the rupture of intramolecular bonds and thus to  
a change in the organization of the protein. (3) 
The recent work on the interaction of two optically 
isomeric azo dyes (referred to as 1: and 1: in the 
present paper) with bovine and human serum albu- 
~ n i n * < ~  demonstrated the capacity of the combining 
regions of albumin to assume configurations com- 
plementary to the contours of the isomeric dye 
molecules. This configurational adaptability in- 
volves changes in the relative positions of the side 
(1) These studies were aided by a grant from The National Science 

Foundation and by a research grant (H-869) from The National Heart 
Institute of The  National Institutes of Health, Public Health Service. 

(2) F. W. Putnam and H. Neurath, J .  B i d .  Chem., 119, 195 (1945). 
(3) I. M. Klotz in “The Proteins,” Vol. IB, Eds. H. Neurath and 

(4) F. Karush, J .  Phys. Chem., 16, 70 (1952). 
(5) F. Karush, THIS JOURNAL, 76, 5536 (1954). 

K. Bailey, Academic Press, New York, N. Y., 1953, p. 773. 

chains and thus reflects subtle structural changes 
in the organization of the molecule. 

The present work was undertaken with the in- 
tention of obtaining experimental evidence of a 
more direct nature concerning the structural 
changes that accompany interaction with anionic 
azo dyes. For this purpose the measurement of 
optical rotation was chosen, since optical activity 
is sensitive to relatively fine structural changes and 
has proven of value in previous work dealing with 
the interaction of anionic detergents with serum 
albumin.6 In two cases rotatory dispersion was 
also measured in order to provide more detailed 
structural information. Viscosity measurements 
also were carried out to detect gross changes in the 
shape of the protein. In  order to  obtain a relative 
measure of dye-albumin affinity, binding experi- 
ments were done a t  a single total dye concentration. 
Finally, shifts in the wave length of maximum 
light absorption by the dyes in the presence of albu- 
min were correlated with the rotatory changes. 

For purposes of comparison, the dyes used were 
divided into four groups on the basis of structural 
similarities and the kind of structural variation in- 
volved. Group I consists of dyes possessing the p- 
benzeneazobenzoylaminoacetic acid group. The 
variables here are the para-substituents on the 
terminal phenyl group. Members of group I1 
have the dimethylamino group in the para-position 
of the terminal phenyl group, the variable being the 
nature and the position of the charged group. 
Group I11 is designed to demonstrate the effect 
of the number and position of the hydroxyl group 
on dyes having different acidic groups. Group 
IV contains miscellaneous dyes. 

Experimental 
Human serum albumin (HSA) was contributed by Cutter 

Laboratories and was 99% pure by electrophoretic analysis. 
Crystallized bovine serum albumin (BSA) was the product 
of Armour Laboratories (Lot No. P67908). An approxi- 

(6) G. Markus and F. Karush, i b i d . ,  79, 326+ (1957). 



mately 9% stock solution of the protein was prepared in dis- 
tilled water, adjusted to pH 7.4 with NaOH and stored in 
the frozen state. Its concentration was determined by 
micro-Kjeldahl analysis. The experimeuts with BSA were 
done in 0.05 31 phosphate buffer, pH 7.0, those with HSX 
in J. mixture of 0.15 .If XaC1 and 0.02 d B  phosphate buffer, 
pr1 7.4. 

p(p-Dimethylaminobenzeneazo) -benzoylaminoacetic Acid 
(I,).-The preparation of this dye was described by K a r ~ s h . ~  

DL-Phenyl-(p-(benzeneaz0)-benzoy1amino)-acetic acid 
(Ih) was prepared by coupling DL-a-aminophenylacetic acid 
and p-phenylazobenzoyl chloride at pH 11. It was recrys- 
tallized from 50% ethanol; m.p. 206" with decomposition. 

DL-Phenyl-( p-(p-hydroxybenzeneazo) -benzoylamino) -ace- 
tic acid (1,) was prepared by diazotization of DL-phenrl- 
(p-aminobenzoy1amino)-acetic acid and coupling with 
phenol a t  pH 11; m.p. 196-195O with decomposition. 

D- and L-Phenyl-(p-(t-dimeth 1aminobenzeneazo)-ben- 
zoy1amino)-acetic Acid ( I d )  and (8;) .-The preparation of 
these dyes was described by K a r ~ s h . ~  

Sodium p-(p-dimethy1aminobenzeneazo)-benzenesulfon- 
ate (II,), Eastman, was twice recrystallized from water. 

Sodium p-dimethylaminoazobenzene-p'-carboxylate 
(IIb), Eastman, was twice reprecipitated as its acid. 

Sodium p-dimethylaminoazobenzene-or-carboxylate (IIA , 
Eastman, was twice recrystallized from 957, ethanol in the 
acid form. 

p-Phenylazobenzoic acid (111,) was prepared by treating 
p-phenylazobenzoyl chloride with 10% SaOH,  m.p. 247'. 

p-(p-Hydroxybenzeneazo)-benzoic acid (IIIb) mas pre- 
pared by coupling of the diazotized p-aminobenzoic acid 
with phenol; m.p. 260-261 a with decomposition. 

o-(p-Hydroxybenzeneazobbenzoic acid (111,) was pre- 
pared as the above; m.p. 206" with decomposition. 

Sodium p-hydroxyazobenzene-p'-sulfonate (I&), East- 
man, was twice recrystallized from 95% ethanol. 

Sodium 2,4-dihydro~yazobenzene-4~-sulfonate (1112, 
Eastman, was recrystallized from absolute ethanol. 

p-(p-Hydroxybenzeneaz0)-phenylarsonic acid (I&) was 
prepared by coupling diazotized p-arsanilic acid with phenol 
at p H  11. It n-aq three times reprecipitated; m.p. > 300". 

p-(  2-Hydroxy-5-methylphenylazo)-benzoic Acid (IV,) .- 
The preparation of this dye was described by Karush.7 

0-( 2-Hydroxy-5-methylphenylazo)-benzoic acid (IVI,) 
was a gift from Dr. Malcolm Siegel. 

p-( I-Azo-2-naphthol)-benzoic acid (IV,) was prepared by 
the coupling of diazotized p-aminobenzoic acid to b-naph- 
thol. It was recrystallized from ethyleneglycol monomethyl- 
ether. 

The dyes were made up in 5 X AB stock solutions. 
Stock solutions of the carboxylic acid dyes contained 1 X 
lo-* M KaOH. 

Optical rotations were measured a t  room temperature 
with a Bellingham and Stanley polarimeter which could be 
read to 0.01 of a degree, using a sodium vapor lamp and a 
100 mm. cell. The specific rotations for colorless solutions 
are accurate to =t 1". In  the presence of higher dye concen- 
trations the error could be as much as & 2 O .  Solutions for 
the measurement of optical rotations were made up in 5 or 10 
ml. volumes and were 0.9% with respect to protein. 

Rotatory dispersion was measured on a Rudolph disper- 
sion polarimeter. The use of this instrument was kindly 
arranged by Dr. E. Mihklyi of The National Institutes of 
IIealth, Bethesda, Md.  

Viscosities were measured in a capillary viscometer, made 
according to Schachman: in a 25' water-bath. The flow 
time for water was 140 sec. Blank solutions differed from 
the samples only by the absence of protein. 

Dye binding was measured by the method of equilibrium 
dialysis. Ten ml. of a 0.92% HSA4 solution containing 0.15 
54 NaCl and 0.02 M phosphate buffer, pH 7.4 were dialyzed 
against 10 ml. of the same salt-buffer mixture containing 
the dye a t  1 X 10-3 ill concentration. Equilibration was 
carried out on a rocking device in a 25" water-bath for 24 hr. 
A11 measurements were done on duplicate samples. In  the 
calculation of the bound dye the molecular weight of albu- 
inin was taken as 65,000. The equilibrium concentration 
of the free dye was determined by spectrophotometric 

(7) F. Karush, TAIS JOURNAL, 73, 2706 (1950). 
(8) H. K ,  Schachman in "Xethods of Enzymology," 4, Eds. S. P. 

Colowick and S. 0. Kaplan, Academic Press, Xew York, N. Y., in 
press. 

analysis of the 5-fold diluted outside solutions on the hasiq 
of previously determined molar evtinction coefiicients. 
The shift in the wave length of the absorption maximum of 
the bound dyes was determined on the bag contents without 
dilution by reducing the path length with a quartz spacer. 
The values of r (moles of dye bound per mole of albumin) 
were not corrected for the adsorption of the dye to the cellu- 
lose casing since i t  was estimated that the crror would r io t  
exceed 3yo. 

Results and Discussion 
Group 1.-Figure I summarizes the optical rota- 

tions, as a function of the total dye concentration, 
obtained with this group of dyes. The most 
striking difference exhibited here is shown by the 
OH and the (CH3)zN substituted dyes, the former 
raising the levorotation to 90') the latter lowering i t  
to 19' in one case. Dye I b  with only a H atom a t  
the corresponding site occupies a position interme- 
diate between these two groups. The similarity of 
the patterns obtained with 1, and 12 is noteworthy 
because it indicates that the rotatory effect is only 
slightly influenced by the presence of the phenyl 
group on the charged end of the molecule and em- 
phasizes the importance of the terminal substituent 
in determining the sign of the rotatory change. 

Figure 2 shows the results obtained with D- and 
L-iorms of dye I d  in solutions of bovine and human 
serum albumin a t  pH 7.  The species difference ex- 
hibited in the general character of the rotatory 
curves probably is related to differences in binding 
of these dyes by the two albumins as shown by Kar- 
~ s h . ~ , ~  The initial rise in levorotation terminating 
in the sharp peak in the BSA curves is absent in HSA, 
reflecting differences in the fine structure of the 
two proteins. The extent of the structural change 
caused by the binding of the D-isomer is greater in 
both proteins as judged by the greater deviations 
from the native [ a ] ~  of -&Lo. The sharp peak in 
the 1:-BSA curve occurs a t  r = 3.6, i.e., in the region 
of the inflection of the binding curve in Fig. I of ref. 
4, thus strengthening the inference that a struc- 
tural transformation takes place in the BSA4 mole- 
cule in this region of the binding curve. Similar 
correspondence for the D-dye at  r = 5.8 is absent, 
but i t  should be noted that such a transformation 
for the binding of the D-dye, though obscured on 
the binding curve by the large negative slope, was 
considered to O C C U ~ . ~  

Group I1 (Fig. 3).-The three dyes placed in this 
group possess the dimethylamino end. The ef- 
fect of this substituent, as i t  was in the previous 
group for HSA, is an initial lowering of the levo- 
rotation. The structural similarity of methyl 
orange and p-methyl red is reflected in their rotatory 
patterns. The sulfonate group, however, appears 
to be slightly more effective in bringing about the 
analogous rotatory change. The smaller effect 
obtained when the carboxylate group is on the 
ortho-position to the azo linkage occurs also in the 
next groups and is accompanied by decreased bind- 
ing relative to  the para-analog. This behavior, 
first described by Klotz, Burkhard and UrquharP 
was explained by them in terms of the distances be- 
tween the dimethylamino p d  the carboxylate 
groups of the molecules, 12 A. when the carbosy- 

(9) I. M. Klotz, R. K. Burkhard and J. R I  Urquhart, THIS JOUR- 
NAL, 74, 202 (1852). 
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Fig. 1.-Specific rotation of 0.95% HSA as a function of 
the concentration of group I dyes in 0.15 M NaCl, 0.02 d l  
phosphate buffer, pH 7.4. 
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Fig. 2.-Specific rotation of 0.95% HSA and 0.82% 
BSA as a function of the concentration of I s  and I t  dyes 
in 0.05 M phosphate buffer, pH 7.0. 
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Fig. 3.-Specific rotation of 0.95% HSA as a function 
of the concentration of group I1 dyes in 0.15 M NaC1, 
0.02 M phosphate buffer, pH 7.4, 
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Fig. 4.-Specific rotation of 0.95yo HSA as a fuiiction 
of the concentration of Group I11 dyes ill 0.15 N NaC1, 
0.02 M phosphate buffer, PH 7.4. 

late is in the para-position with respect to the azo 
group, but only 10 A. when the carboxylate is 
ortho to the azo linkage. 
Group 111.-The superiority of the OH over the H 

substituent in increasing the levorotation, found in 
the case of dyes I, and I b ,  is again demonstrated 
for I& and 111, in Fig. 4. It is surprising that 
111, with the carboxylate in the ortho-position, 
though poorly bound, appears to be very effective 
in raising the levorotation. The sulfonic acid dye 
IIId (Fig. 5) is slightly more effective than its 
carboxylic acid analog, a behavior paralleled by 
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the methyl orange-p-methyl red pair. The cor- 
responding arsonic acid derivative IIIt is both 
weakly bound and ineffective in changing the rota- 
tion. The weak binding of the arsonic acid 
analog of methyl orange was also noted by Klotz, 
et aL9 The poor binding and lack of substantial 
rdtatory effect of the sulfonic acid dye 111, differing 
from IIId only by the additional OH group in the 
ortho-position may be due to  the greater water 
solubility of this compound. 

I , I I I I I 1 1  50A ' 301 002 0 001 00 2 

[DYE] MOLES / il T EP. 

Fig. 5.--Specific rotation of 0.95% HSA as a function 
of the concentration of Group I11 and IV dyes in 0.15 M 
NaCl, 0.02 M phosphate buffer, PH 7.4. 

Group I V  (Fig. 5).-The first two dyes in this 
group are both strongly bound although the para- 
substituted carboxylate is again more effective. 
IVb has no effect on the rotation in the highest 
measured concentration. (The intense light ab- 
sorption of this complex prevented the use of 
higher concentrations.) The OH substituted naph- 
thol derivative is effective both in binding and in 
changing the rotation. 

The most important conclusion that can be 
drawn from these data is that the dimethylamino 
substituent in all cases lowers the levorotation, 
whereas the hydroxyl group in almost all cases 
raises it. An examination of the spectral shifts 
(Table I )  resulting from the binding of the dye by 
the protein reveals a trend showing that those dyes 
that have a lowering effect on the levorotation 
also show a decrease in the wave length of maxi- 
mum absorption, while a rise in the levorotation is 
associated with a slight increase or with no change 
in the absorption maximum. 

Rotatory Dispersion.-The strong light absorp- 
tion of the dyes unfortunately precluded the meas- 
urement of the rotatory dispersion below a wave 
length of 550 mp. Measurements, however, were 
done in the presence of the dyes Ia (at two concen- 
trations) and I, from X 725 mp to X 550 mp, and 
the results are shown in Fig. 6 .  The dispersion 
in the case of the dye possessing the terminal OH 
group (I,) appears to be normal as would be ex- 
pected from the high levorotation a t  X 589 mp 
(- 90'). The dispersion of HSA in the presence of 
the dye I, is strongly anomalous, the anomalous 
character incrcasing with the dye concentration. 

h m!J. 
Fig. 6.-Rotatory dispersion of HS.4 in 0.5 X M 

and 1 X lod3 MI, and 2 X 10-3 M 1": dye, 0.15 iM NaCl, 
0.02 M phosphate buffer, PH 7.4. 

Reversibility of Rotatory Changes.-Although 
the binding itself of azo dyes to serum albumin 
has been shown to be readily and entirely reversible, 
it appeared of interest to see whether the structural 
changes accompanying the interaction are also 
completely reversible, since a case to the contrary 
has been described by Hill and Briggs'" for the 
interaction of the detergent n-octylbenzene-p-sul- 
fonate with /?-lactoglobulin. Two solutions contain- 
ing 0.9% HSA and dyes I, and Id, respectively, 
in 1 x M concentration a t  pH 7.4 were passed 
through columns of the anionic exchange resin Am- 
berlite-400 (Cl-) in order to remove the dyes. The 
subsequently measured optical rotation of the 
colorless effluents showed the restoration of the 
native value, indicating the complete reversibility 
of the structural changes. 

Reduced Viscosity.-In contrast to the extensive 
rotatory changes caused by the interaction with 
these dyes the reduced viscosity shows only a 
slight change. This change in all measured cases 
consists in an increase of the reduced viscosity ir- 
respective of the sign of the rotatory change, but 
does not exceed 10% of the native viscosity. In  
the case of dye I, viscosities were measured over 
the entire concentration range investigated for the 
rotatory study. The results show an increase 
from 0.040 (no dye added) to 0.044 (2 X M 
dye). The failure of the reduced viscosity to show 
an increase corresponding to the large rise in levoro- 
tation in this case is particularly significant for i t  
indicates that the structural changes involved are 
not extensive in terms of the gross shape of the 
molecule. 

(10) R. M. Hill and D. K. Uriggs, 'I'UIS JOURNAL. 78, 1 X I U  (195ti). 
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TABLE I 
BINDING DATA AND ABSORPTION  MAXIMA^ 

PH 7.0. Initial dye concentration was 1 X M .  
HSA was 0.922% in 0.15 M XaCl and 0.02 iZI phosphate buffer, PH 7.4. BSA was 0.817% in 0.05 hf phosphate buffer, 

O H H  o- DN=N-~>-c-N-c-c~ 
I 

CGHS 

c 
0 0  

HO-CI>-N=N--CI>-C;- 
H O - ~ > - N = N - ~ >  

/ 
C 

0 0  n -  
a-Y=N-(-J-C; - 

\ 
\ 

OH 

Protein 

HSA 

HSA 

HSA 

HSA 

BSA 

HSA 

BSA 

HSA 

HSA 

HSA 

HSA 

HSA 

HSA 

HSA 

HSA 

HSA 

HSA 

HSA 

HSA 

Concn. of 
free dye, 
M x 104 

1.10 

1.63 

0.766 

.404 

.590 

.312 

0.640 

.970 

.960 

2.63 

1.34 

1.79 

3.03 

1.88 

2.61 

3.14 

0.578 

1.42 

0.626 

Y 

5.50 

4.74 

5.96 

6.48 

6.22 

6.60 

6.15 

5.68 

5.69 

3.34 

5.16 

4.52 

2.80 

4.40 

3.37 

2.63 

6.23 

5.04 

6.16 

Abs. Abs. 
max. max. 

of free of bag 
dye, contents, 
mP 

470 

325 

357 

470 

470 

470 

470 

462 

462 

428 

325 

355 

348 

357 

430 

355 

330 

332 

490 

mrr 

462 

330 

364 

440 

440 

440 

440 

43 7 

437 

414 

327 

357 

348 

358 

430 

368 

333 

330 

49 1 

a The binding data for the dyes Idu  aiid I d r ,  wcrc calculated from biridirig curves obtained ~ a r l i c r . ~ * ~  
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Dye Binding.-In order to obtain a relative 
measure of dye-protein affinity the binding of all 
the dyes was determined with the same initial 
amount of dye (Table I ) .  d comparison of the r 
values with the rotatory changes for the same 
clye shows some correlation between the magnitude 
of the rotatory change in the measured range and 
the strength of binding. Thus, menihers of Group 
I show the highest binding values arid also the 
largest deviations from the native rotation. Xs 
pointed out before, the similarity of the rotatory 
curves of methyl orange and @-methyl red are 
paralleled by their similar binding properties. 
The weaker binding of the dyes o-methyl red, 111, 
and IIIf are accompanied by small rotatory 
changes. However, the weak binding of 111, and 
the strong binding of Ilra and IV, are not paral- 
leled by corresponding rotatory changes. 

Interpretation of Structural Changes.-While an 
unequivocal interpretation of the described rota- 
toty changes is made difficult due Fartly to the 
limited range of the dispersion measurements and 
partly to the highly anoiiialous character of the dis- 
persion curves, these changes can be best inter- 
preted in terms of structural transformations of 
the protein molecule. That the dyes themselves 
are not the source of the rotatory changes can be 
concluded from the following: (a) Most of the dyes 
used have no asymmetric carbon atom. (b) 
Those that do show no measurable rotation in the 
concentration range employed. (c) Where both 
the D- and the L-forms of a dye were used ( I d ) ,  the 
rotatory changes occurred in the same direction. 

The presence of the free dye in the solution has 
no effect on the rotation. This was shown by the 
change of [ a ] ~  from -46' to -i3" when 5 X 

:If I d D  dye was displaced from its comhina- 
tion with HSA by the inclusion of 0.1 A1 sodium 
decyl sulfate in the solution. (Values around - 'TO" 
are characteristic for the HSA-detergent complex.) 

Aside from the intrinsic residue contributions, 
probably the most important factor in determining 
the optical rotation of a protein in aqueous solution 
is the degree of helical organization of the poly- 
peptide chains. The rotations observed in our 
studies correspond, therefore, to configurations 
varying in helical content. This view, although 
based primarily on riieasurements of [a]D alone, is 
supported by the dispersion studies done on the 
two dyes causing rotatory changes of opposite sign. 
Thus ICD'[, with its property of raising the levoro- 
tation shows a norinal dispersion corresponding to 
;L low helical content, while I, which has been most 
effective in decreasing the levorotation has a 
strongly anomalous dispersion indicating sub- 
stantial helical content. The discussion of the 
rotatory changes caused by the various dyes clearly 
shows that these changes are dependent on the par- 

ticipation of the c:id groups of the dyes, either 
directly through interaction with the proteiu or in- 
directly by their effect on the stabilization of res- 
onance forms of the dyes. 

The organization of the polypeptide chain of the 
native albumin niolecule is considered to bc 
strongly dependent on interactions of the side 
chains, The small number of interacting dye 
molecules necessary to elicit the rotatory changes 
is particularly significant in this connection since 
it indicates a high degree of interdependence in the 
organization of the serum albumin molecule, such 
that a small cor:figurational change a t  a few points 
in the molecule niay bring about a reorganization 
of a large portion of the structure. The small dif- 
ference in free energy between the helical anti the 
randomly coiled forms of polypeptides in aqueous 
solutions recently calculated by Schellmari" is 
consistent with our interpretation. 

Configurational Adaptability.-The rotatory pat- 
terns obtained reflect sequences of structural 
changes, the extent and nature of the change tle- 
pending on the dye used and the quantity of dye 
bound. They provide general support for the 
concept of configurational adaptability and direct 
experimental evidence of structural alteration of 
the protein molecule as a result of dye binding, as 
was proposed earlier.* The rotatory data indicate 
that the structural alteration may involve exten- 
sive changes on the level of the secondary structure. 

The Role of Disulfide Bonds.-A significant fea- 
ture of the structural changes described is their 
occurrence in the presence of intact disulfide bonds. 
That large structural transformations can occur 
without the breaking of these bonds in serum al- 
bumin was also shown by Yang and DotyI2 who 
found that the levorotation of native ESA was 
strongly reduced in a mixture of organic solvents. 
This observation indicates that the intramolecular 
position of the disulfide bonds is such as to permit 
considerable freedom of configuration for large 
segments of the peptide chain. The only slight 
changes in reduced viscosity, on the other hand, 
represent the limitations imposed by the disulfide 
bonds on the relative displacement of such seg- 
ments. The large increase in reduced viscosity 
noted when feruni albumin is reduced in the pres- 
ence of sodium decyl sulfate shows the importance 
of these bonds in restricting thc disorganization of 
the tertiary structure. l:' 
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