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SUMMARY 

The monomer macroheterogeneity of commercial bovine 
serum albumin preparations ts entirely due to oxidation of 
the mercaptalbumin sulfhydryl group. When the sulfhydryl 
group is oxidized to oxidation states higher than disulfide, 
circular dichroism and fluorescence data show that a tryp­
tophanyl and a cystinyl residue are perturbed. Measure­
ments conducted through the pH range of U1e N-F transition 
(pH 5 to 3.5) place these residues in the crevice which is 
opened up in the course of the transition. Studies with 
undefatted and defatted monomers indicate that one of the 
primary fatty acid binding sites is also located in this part 
of the crevice and that oxidation of the cysteinyl sulfhydryl 
group alters the binding of fatty acid at this site. 

The macroheterogeneity of bovine seru1n albumin with respect 
to sulfhydry l content has been common knowledge for many 
years. The presence or non-mercaptalbumin monomers in al­
bumin has been attributed by King (I} and by Andersson (2) to 
t he formation of mixed disulfides between the mercaptalbumin 
and the plasma cysteine a.nd glutathione. Andersson has demon­
strati,rl Uu~ presence of such mixed disulfides in some non-mer­
ca1>t.albumin fractions of BSA.' FractionaLion of BSA 
on DEAE-Sephadex A-50 has shown the pre..sence of three non­
mcrcaptalbumin monomers (3) . Two of these monomers were 
also obtained following fractionation of an aged mercapt.albumin 
preparation (0.8 mole of sulfhydryl per mole of albumin) which 
had not been i11 contact with small molecule thiols (3). It there­
fore appeared that oxidative pathways other than mixed disulfide 
formation were operative in the formation of non-mercaptalbumin 
monomer. 

* Much of this work was taken from a thesis submitted by 
Jeanne Kay Fuller to 1.he Hora.ce H. Rackham Graduate School 
in partial fulfillment of the requirements for t he degree of Doctor 
of Philosophy, University of Michigan, 1970. 

t Recipient of Public Health Service Tt·aining Grant GM 1355, 
National Institutes or llealth. Present address, Department of 
Chemistry, University of Cali iornia at Los Angeles, Los Angeles, 
Calif. 90024. 

1 The abbreviations used are: BSA, bovine serum albumin; 
CD, circular dicbroism; DTNB, 5,5'-dithiobis(2-nitrobenzoic 
acid); HSA, hum,10 serum albumin. 

In the present studies, three general approaches have been 
taken to further investigate the four BSA monomers which have 
been bolated by chromatography on DEAE-Sephadcx and to 
examine I.he factor~ in\'ol ved in the formation of non-mcrcaptal­
burni11. Since it appea1-cd that non-mercapta lhumin monomers 
could be generated from mercaptalbumin, i t was assumed that 
the observed heterogeneity was not due to variations in pri­
mary structure. 

The first series of experiments were concerned with fatty acid 
heterngeneity. Experimental evidence J,as indicated the im­
portance of free fatty acid~ both in vitro (4) and in, vivo (5, 6) in 
the formation of the tertiary structure of albu min. In addition 
broadening of the a lbumin pH solubility p1-ofiles has been ob~ 
served in the presence of fatty acid (7- 9) . T he albumin fractions 
isolated by DEAE-Sephadex chromatography differed in their 
fatty acid content (3) and Peterson and Sober ( LO) have observed 
that t.he addition of oleic acid to purified mercaptalbumin re­
sult.e.d in the formation of a number of overlapping chromato­
graphic components having a higher affinity than the original 
mercaptalbumin for the adsorbent. Thus, on a superficia l 
level, it was necessary to determine whether much of the ob­
sen ·ed heterogeneity could be due t.o fatty acid heterogeneity. 

In t.he second aspect of this investigation, the conversion of 
men,:iptalbumin to non-mercaptalbumin monomel' was studied 
under controlled conditions in order to obtain a more precise 
delineation of t he naturn of the non-mercaptalbumin monomers. 

The third approach l-0 the problem was concerned with the 
possible existence of secondary or tertiary s1,rnct.ural differences 
between the monomers. It was thought that any change such as 
the suggested albumin disulfide interchange (2) might be detect ­
able by suitable measurements. T he two types of measurement 
whicl1 were employed were fluorescence and circular dichroism 
spect ral determinations. BSA undergoes a reversible isomeriza­
tion, the so-called N-F transition (11), between pH 4.5 and 3.5. 
The N or high pH form of the molecule is characterized by the 
presence of many masked carboxylate ions, presumably in some 
crevice (or crevice,) of the molecule. In t he opened up, low pH, 
or F form of the molecule, all the carbo,.,ylate groups titrate 
normally. Since many of the physical properties of the BSA 
change markedly in the course of this transition it was thought 
t hat measurements couducted over the pH range of the transition 
might prove a sensitive index of any small strnctural differences 
tJrnt could exist betwee11 the monomer::;. 

7391 



7392 

'fARLE I 
Cluiracterizat,1:on of albumin preparations 

Am1our BSA (lot) Dimer content Sullbydryl content I Fatty acid content 

% mole/mole 

D71209 5--{) O.&l 0. 60 
J::715-03 5-6 0.65 0.66 
F716()1 5--{) 0.61 0.62 

Since the albumin should not ha.ve been e~xposed to pH values 
greater than 7.4 during its preparation and since the pH of the 
albumin solutions was never allowed to i-ise above 7 during these 
investigations, it is unlikely that the observed macrohetero­
geneity is directly related to the a lkali-induced in!R.rconversions 
rcccnt,ly reported by Nikkel and Foster (12). 

li:XPERIMEN'l'AL PROCEDURE 

M aterials-Cryst.alline bovine serum albumjn, Lots D71209, 
J<:71503, and F71601, was obtained from the Armour Pharm11,­
ceutical Co. A comparison of the sulfbydryl content, dimer 
content (as determined from sedimentation velocity analysis), 
and fatty acid content of t,he:se prcparntion.~ is given in Tahle I. 

5, 5'-Dit,hiobis(2-nitrobenzoic acid) was obtained from Aldrich 
Chemical Co. Iodoacetamide was prepared according to the 
method of Anson (13) and was recrystallized. Thioglycolatc 
was obtained from :Matheson, Coleman and Bell and was redi& 
tilled in v<icuo prior to use. Oleic acid, Lot 75L750, was obtained 
from Fisher Scientific Co. and linoleic acid was obt.ained from 
Hormel. Boron trifluoride in methanol (14% w /v) and sil-3-
trirnethylchlorosilane, Lot 0,10766, were obtained from Applied 
Science Laboratories, Inc., State College, Pa . Hexamethyl­
di~ilazane, Lot Hi, was obtained from Dow Corning Corp. Pyri­
dine, reagent grade, was obtained from Merck. Dialysis tubing 
was obtained from Union Carbide Corp. and was washed well 
with distilled water prior to use. DEAE-Sephadex A-50, Seph­
udex G-150, and Sephadex G-200 were obtained from Pharmacia. 
Celite 535 was obtained from Johns Manville. The starch-hy­
drolyzed, Lot 253-1, used in the s t:u-<ih gel eJectrophoresis ex­
periments was obt,ained from the Connaught Medical Research 
Laboratories, University of Toronto, Canada.. Darco-activated 
charcoal was obtajned from Atlas Chemical Indust ries. N, N -
?vlethylenebisa.crylamidc, acrylamide, 2-amjno-2-hydroxymethyl-
1,3-propancdiol and N ,N ,N' ,N'-tetrarnethylethylenediaminc 
were obt.ained from Canalco. Riboifavin was obtained frorn 
Nut,r.itiona.J Biochemicals Corp. All otl1cr chemicals u,;ed were 
reagent grade. 

Protein solutions of large volume were concentrated by use of a 
Diaflo UM-1 membrane ult,rafilter (Ami1:on Corp.) under nitro­
gen pressure; in some instances a J>M-10 filter was used. Small 
volumes were conccnt.rated by use of a Sartorius membrane filter 
(Collodion bag, porosity 5 nm, size 8 ml) from Carl Schleicher 
and Schuell, Keene, N. H., or by use of a 10-m] Dia flo ultrafilter 
with l'M-10 membrane. Protein tiOlutions were clarified by 
passage through :Vlillipore filters of various sizes (0.22, 0.45, and 
1.2 µ ). 

The molecular weight of albumin wa:c; taken as 67,000. An 
extinction coefficient (Ef ~m (279 nm)) of 6.67 bad been deter­
mined for t,he BSA. prepa:ration (3) . 

Absorbance Mea . .surements-These were made on a Zei,s PMQII 
Spectrophotometer with Heckman quartz cells of 1.0-cm path 
length. 

Se<l£me·ntrilion Velocity Analyses- Sedimcnh1tioH n ilocit.y annl-
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yses were pe1-fo1med by Mr. John Trojanowski on a Spinco model 
E Ultrac.entrifuge with the schlier('n optica.l system. Ult,racen­
trifuge plates were read on a modified Nikon Shadow Graph, 
model 3A (Nippon Kogaku K. K., Tokyo, ,Japan), equipped with 
a :Maru1 two-dimensional Comparator, type 829 (David W. 
l\ifann, Inc., Lincoln, Mass.) . 

Conductivity Afeasurements-These were performed on a Con­
duetivity Bridge, type 3216B, with LKB a225.J-2 cells (cell con­
stants, 4.60 and 4. 625 c.ni-1) , from L. K. B. Instruments, Inc. 

A.bsorption Spectra-Absorption spectra were measured with a 
Cary model 15 recording spectrophotometer. Scans in t.he 
ult.raviolet were made while purging the instrument with high 
puri ty nitrogen. Beckman quartz cells of 1.0-cm path length 
were used. 

Fluorescence Mea,9urem,ents-Fluoresceuce measurements were 
performed on an Aminc.o-Bowman spectrofluorimcter which had 
been adjusted as recommended by Chen (14). A constant tem­
perature of 25° was maintained by the use of a I foto circulating 
water batb. Tryptophan spectra. (Aexeit-0tion, 280 or 295 nm) 
were almost identicn.l with the corrected tryptophan spectrum of 
Tcale and \Veber (15). The collisional quenching consta:nt (l(l!) 
of t,ryptophan in tht{ presence of various iodide to chloride con­
centration ratios (t.otal ionic strength = 0 .4) was 12. l l\C1, in good 
goo<l agreement with the va.Jues reported by Lohrcr (16). T he 
absorbancc of protein solutions at the exciting wave length was 
never greJ1ter than 0.1 and the concentration dependence of the 
emitted fluorescence intensity was linear over a concentration 
range greater than that employed in the measurements. T he 
fluorescence intensity of a standard rnercaptalbumin-NaCI solu­
t ion at 343 nm was measured before and after all spectral and 
single wave length measurements and the data were corrected 
when necessary to the same standard value at 343 nm. 

Fluorescence [spect,ra were obtained for all samples in which pH 
was the variable. Since the H Cl-titrawd samples varied slightly 
in concentration, the reported spectra nre adjusted to a st.anda rd 
concentration of 0 .005 g per di. In all expe1iments involving 
pH as a vmiable, an ex0iiing wave length of 280 nm was us<>d. 

In the init ial iodide-quenching experiments complete spectra 
were obtained. Since the shape of the fluorescence spectra in the 
presence and absence of iodide were the same and since the band 
half-widths were essentially the same a.~ those of tryptopban, it 
was assumed that the quantum yield was proportional to the peak 
fluorescence and that measurement of fluot'()Scencc iuten;;ities 
at Amax could be substituted for whole spectra mea~-urements. 
The wave length of Amax was 343 nm for all BSA preparatiow, 
and did not, change significa,ntly ( <2 nm) iu the presence of even 
the highest iodide concentration. Most peak fluorescence data 
were obtained with an ex<;iting wave length of 295 run. lu a 
few (lxpNimeut~ exciting wave lengths of 280 and 305 um ,1·Pre 
used. 

When a quencher such as iodide is added to a, solution c.onto.in­
iug a fluorescent molecule, the ratio of the fluorescence quantum 
yields without and with quencher is given by the rclationshiµ : 

P0/ F = (1 + K ·X)(l + KT·X) (l} 

where Fo and Ji' arc the fluorescence quantum yields without and 
with the quencher, K is the binding constant of the quenclrnr to 
t he fluorescent molecule, K is the raw of encounter by diffusion 
between the fluorophorc and the quen('her, r is the mean lifetime 
of the excited fluorophore, and X is the molar concentration of 
the quencher. The product, Kr, is the well known Stem-Volmer 
collisional quenching constant, KQ, The fit-st term in Equation 1 
thus represents "sta.tic quenching" and the second "collisional 



quenching." In the absence of static quenching, the equation 
reduces to the well established Stern-Volmer relationship (17). 

(2) 

In the case of a protein molecule containing 2 nonidentical 
tryptophanyl residues, the collisional quenching is described by 
the following relationship. 

(3) 

where F'~ and F~ are the fluoresceuce quantum yields of each 
t ryptophanyl residue in the absence of quencher, K'q and KZ 
are the respective quenching constants, and P is the observed 
fluorescence. 

If one of the tryptophanyl residues is unavailable to the 
quencher, the equal.ion red,rnes to the form : 

., FO ..,, F'O t 

F = 1 + KbX + Fo = 1 + KoX + Fo F" - 0 (4) 

where Ft .is the total fluorescence quantum yield in the absence 
of quencher. A plot of FA F versus X would not be line.ar. 
However, a plot of Fi/tlF versus (l /X ) should be linear where 
11ft = Ji'& - P. The reciprocal of the ordinate value at (1 / X) = 
0 represents the fraction of Ft due to the quenchable trypto­
pbanyl residue tmd the ratio of intercept to !:\lope gives K0. Ji'~, 
P;, and Ko can also be determined directly from Equation 4. 

Circular Dichroism 1lieasurernents-These mea.surement..5 were 
performed on a Durrum-fasco UV5 scanning spectropolarimeter 
equipped to make circular dichroism measurements; the sensitiv­
ity of t,be machine was increased by a Sproul Scientifio SS-20 CD 
modification. Circular dichroi':m) measurements were performed 
at 25° on 0.025 to 0.15% protein solutions in 0 ,1 M KCI. An 
Opticell quartz cell of 1.000-cm optical path length and 1.1 scale 
factor of 3.03 X 10-• or 6.06 X 10- ; dichroic absorption differ­
ence per cm on the recorder chart were used for measurements in 
the near-ultraviolet (360 to 250 run). A scale factor of 30.3 X 
I0-6 dichroic absorption difference per cm on the recorder chart 
was used for measurements in the far-ultrnviolot. All reported 
CD data were corrected for solvent base-line nonidealit,y and the 
base-line anri prou~in dichroisms were matched at 450 nm (i.e. 
i11 it spectral region where no absorption occm'B) . No corrections 
for refractive index dispersion were made. All spectra were 
measured in triplicate and the average values have btien reported; 
the variance amoug the triplicates for a given sample was within 
0.3 cm on the recorder chart. The more detailed study of dc­
fatted, iodoacetamide-treated BSA-A and defatted BSA-Bl and 
BSA-B2 was conducte,d at constant wav<i lengths by reading 
samples and reag(mt blanks at 350 nm (where no prote.in absorp­
tion occurs) and at 262 and 269 nm or 209 and 2'20 nm, The 
circular dichroism was calibrated with (dry) d-camphorsulfonic 
acid, aRsuming a circula1· dichroic absorption coeflfoient of 2.2 
at 290 nm. 

T he modified CD instrument measures the observed difference 
in absorption bet.ween left;- and right-circularly polarized light, 
kt - k,. The circular dichroic absorpt.io11 coefficient, ~ E, is then 
calculated accordiug to the relationship 

where c is the molar concentration and l is the optical path length 
iu centimeters. All the results have been expressed in terms of 

Page 3 of 16 

the molar ellipticity, [8), using the relationship 

4500 
(0) = 2.3()3 - (te, - ER) .,.. 

where (8) has the units of degree cm2 per decimole. 
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To minimize any degradation of the albumin, whole spectra. 
samples were used within 4.8 hours of their preparation, In the 
more <let.ailed constant wave length measurements, samples were 
used within 6 hours of their preparation. 

pH Measurements-pH measurements were performed on a. 
Radiometer p H Meter 4, type PHM 4e, with a Radiomctnr com­
bination gla.'>S electrode, type GK 2021 B. A Heto coru;tant 
temperature circnlating bath, model 623 (Heto, Hirkerod, Den­
mark), circulated water (25 ± 0.1°) through two identical Pyrex­
jacketed vessels (inside diameter, 2 cm; height, 8 cm). A 5-ml 
Pyrex burette, graduated to 0.01 ml and equipped with a plati­
num tip, was used to deliver acid; drawn polyethylene tubing wai, 
attached to the platinum tip in order to titrate di rectly into the 
i\olu tion. Samples were stirred with Teflon-coated magn<'ts 
driven by a Toya magnetic stirrer (Toya Kagakusangyo Co., 
Ltd., Japan). 

The pH meter was standardized with s tanda,rd buffer solutions 
of pH 4 .. 00 (Will,;) and 6.86 (Harlcco). pH 4.00 buffer, 5 ml, was 
added to one titration vessel and 5 ml of pH 6.86 buffer were 
added to the second titration vessel. The buffer adjustment dial 
and temperature control dial of the pH meter were adjusted until 
both buffers giwe the correct pl:I reading 011 the met.er. 

To prepare albumin solutions of known pH for the CD and 
fluorescence studies, 5 ml of the protein in 0.1 M KCI were intro­
duced into the titration vessel with a volumet ric pipette (Pyrex, 
Class A, 5 ± 0.Ql ml). Using the bnret,te, 0.1 or 0.Ql :N HCJ 
was added to the albumin solution until the desired pH was at­
tai1ied; the volume of acid added was recorded. The solut ion 
was stirred for IO min, the stirrer was turned off, nnd after 2 min 
the pH was read and recorded. The concentration of the t itrated 
solution was calculated by multiplying the concentration of the 
albumin solution before titrnting (determined accurately by the 
microbiuret method) by t,he appropriate dilution factor. 

When less nccurntc pH measurement.r-; were needed (e .g. in the 
preparation of buffers) , 11 Radiometer titrator, type TTT le, at­
tached to the Radfometer combination glass electrode, was used. 

Protein Concenlration-Protein concent.ratiou was rou1,inely 
det.ermine<l by a modification of the biuret reaction described by 
.Janatova. et a/,. (3). W.lwn desired, estimates of the protein con­
centration were obtained by measuring the absorbance of the 
solution at 279 nm . 

Sulfhydryl Conlent-Sulfhydryl content was determined by a 
spectrophot.orneLric titmtiou with 5, 5'-dit;hiobi::3(2-nitrobenzofo 
acid) by the procedure of Ellman (18) as modified by Janatova. 
et al. (3). 

Fatty Acid Content- Fatty acid content was assayed by a modi­
fication of t,he method of Dole (19) described by Scheider and 
Full.er (20), 

Starch Gel Electrophoresis-Starch gel electrophoresis was per­
formed according to the method of Smithies (21). Starch-hy­
drolyzed, 33 g, was suspended in 300 ml of buffer (0.03 M H 3llQ3-

0.003 M NaOH, pH 8.60) and the suspension was stirred well and 
heated with 11 bunsen. burner until it became gelatinous. Heat­
ing was continued for about 45 s until the gel became transparent. 
E lectrophoresis was conducted at 2° with the gel in a vert,ica.l 
position at a potential gradient of approximately 3 volts per cm 
for 15 to 17 holll.'li. The proteinB were stained with a sa,l,urated 
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solution of A.mido black lOB in methanol-acetic acid-water 
(5: 1: 5) and t.lie gels were destainecl with methanol-acetic acid­
water (5:1 :5). 

D·isc Gel Electrophoresis-Disc g;el electrophoresis was per­
formed as described by Davis (22), with 5 t.o 8% gels. From 5 
to 30 µI of an a.pproximately 0.1 % protein solution were added to 
20 µl of a 20% sucrose solution and this was layered onto the 
spacer gel. Gels were stained with a saturated solution of Amido 
black lOB in me!.hanol-acetic acid-water (5: 1: 5) and were de­
stained in methanol-acetic acid-water (5: 1: 5) . Gels were stored 
in 7% formic acid. 

Gas-Uquid Chromatography-Gas-liquid chromatography was 
performed in order to determine the fat,ty acid distributions in 
albumin samples. Fatty acids were isolated from albumin by 
suspending the protein (O. l to 0.2 g) in 7 ml of chloroform­
methanol, 1 : 1. The mixture was vigorously shaken, allowed to 
stand for 10 min, and was centrifuged to remove the protein. 
The SUp('rnata.nt was transferred to a clean test tube aud l ml of 
distilled water, 1.6 m I of 1 % formic acid, and 3 ml of chloroform 
were added. The tube was vigorously shaken, centrifuged, and 
the chloroform layer was drawn off. Fatty acid analysis was 
also performed on the heptane extract (as in the Dole method) 
and on unextracled protein. 

To determine the tot8'1 fa.tty acid content (nonesterifi.ed plus 
csterified fatty acids), fatty acid methyl esters were made by dry­
ing the chloroform extract and adding 1.0 ml of BFa in methanol 
and heating in a sand bath at 50-80° for 15 min. Then 0.5 ml of 
~aturated NaCl was added a.nd the methyl estera were extracted 
with three 3-ml portions of petroleum ether. The extract was 
dried and redissolved in CMbon d isulfide and the methyl esters 
were chromatographcd at 197° on an ethylene glycol st1ccinate 
stationary phase, with nitrogen as the carrier gas. A Uarber­
Coleman gas chromatograph, model 10, was used. 

For detection of only the esterified fatty acids present in a sam­
ple, methyl esters were made by trausesterification of the esteri­
fied fatty acids. The chloroform extract was dried, 1.0 ml of 0.5 
N sodium rnethoxide was added, and the reaction was allowed to 
stand nt room temperature for 5 min. The methyl esters were 
then extracted witJ1 three 3-ml portions of petroleum ether, dried, 
redissolved in carbon di:ml.fide, and chromatographed. 

To check for the possible presence of peroxidized or branched 
chain fatty acids the samples were hydrogenated prior to esterifi­
cation. The chloroform extract was dried, dissolved in 1.75 ml of 
methanol, and hydrogenated under a stream of hydrogen gas, 
with a few milligrams of Pt02 as a catalyst. The resultant fatty 
acids were then acidified with 0.2 ml of glacial acetic acid n.nd 
esterified with BFa in methanol, as described previously. The 
methyl esters were then chromatographed. As a result of hy­
drogenation, all fatty acids except those which are peroxjdized 
or branched chain will be reduced t.o the saturated acids. Upon 
subsequent esterification and chromatography, no peaks other 
than those for the straight chain, saturated acids are normally 
observed, for the hydroxy esters which result from reduction of 
the peroxy acids are Yery polar, resulting in chromatographic 
bands which a.re greatly broadened, decreased in amplitude and 
eluted at very long retention times. To reduce this problem, 
the silyl derivatives of the hydroxy esters were made in some 
cases. To the dried petroleum ether extract wei·e added, in or­
der, 50 µl of pyridine, 30 µI of hexamethyldisilazaue, and 15 µl of 
sil-3-trimethylchlorosilane. The reaction mixture was allowed 
to stand at room temperature for 15 min and then 2 ml of pe­
troleum ether were added and the sample was immediately placed 

in a11 ice bath. Just before chromatography, the sample was 
dried and redissolved in carbon d isulfide. 

Interpretation of Chromatograms-Observed retention times 
were compared with those obtained from a standard mixture of 
fatty acids (16 :0, 18:0, 20:0, and 22:0) and identification of the 
fatty acids was made by comparison of equivalent chain lengths 
with the table of equivalent chain lengths published by Hofstetter 
et al. (23). An internal standard (15 :0) was routinely added to 
the fatty acid unknowns and fatty acids were quantitatively es­
timated by measuring the peak at its maximum and multiplying 
by the retention time. 

lodoacetamide Trealment-Iodoacetamide trea~ment of albu­
min was performed in order to mask the rf.act.ive sulfhydryl 
group. The pH of a 4 to 6% albumin solution was raised t.o 8 
with 0.1 N Na.OH. The reaction vessel was covered with alu­
minum foil and then approximately 2 moles of iodoacetamide per 
mole of albumin sulfhydryl were added to the albumin solution. 
The reaction was allowed to continue at room temperature for 1 
hour, during which time the solution was stirred with a magnetic 
stirring bar and t.lte pl-I was maintained at 8. The albumin solu­
tion was then dia.lyzed exhaustively against distilled water at 2°, 
the dialysis vessel was wrapped in aluminum foil. Following 
dialysis the sulfhydryl content of the albumin solution was deter­
mined by spectrophotometric titration with DTNB; no reactive 
sulfhydry] was detected. 

Reduction of BSA Fract-ion C ]If <momer with Thioglycolate­
This reduction was performed according to the method of Kat­
chalski et al. (24), in a manner identical with the reduction of the 
BSA Fraction Bl and B2 monomers (3). 

Removal of Fatty Acids from A lbumin-Remova1 of fatty acids 
was effected by the charcoal treatment of Chen (9). 

Addilion of Oleic Acid to Defalted BSA Fraclion A-This was 
performed according to a modification of the method of Spector 
and Hoak (25) for the addition of long chain fatty acid to protein 
solutions. Oleic acid-coated Celite particles were prepared as 
follows. Celite 535, 1.0 g, was placed in a beaker to a depth of 
less than 5 mm. Oleic acid, 0.0285 g, was dissolved in 25 ml of 
hexane and was added to the Celite, giving a suspern;ion contain­
ing 1 mmole of oleic acid per 10 g of Celite. The hexane was 
evaporated under a stream of nitrogen and the dry particles were 
transferred to a screw capped vial and were well mixed. 

Iodoacetamide-treated, charcoal-defatted merca,ptalbumin, 
0.4 g, was dissolved in 20 ml of 0.1 N KCl and a few urops of 
Na.OH were added to adjust the pH to 7.4. To 19.5 ml of the 
albumin solution were added 300 mg of the oleic acid-coated 
Celite. Nitrogen was blown over the solution and then the flask 
was sroppered. The suspension was stirred with a magnet stirrer 
at room temperature for l~f hours. At the end of t he in cu bat.ion 
period the albumin-fatty acid-Celite mixture was decanted into 
a plastic tube and centrifuged at 2° for 15 min at 15,000 X g. 

The supernatant was recentrifuged at 2° for 15 min at 15,000 X 

g. The final supernatant was then passed through a 1.2 µ, Milli­
pore filter and the pH of the solution readjusted to 7.4 
with Na.OH. The fatty acid content of the resulting albumin 
solution was determined by the method of Dole (19) and the 
protein content was determined by the microbiuret method. 

Fractionation of Albu.min an DEAE-Sephade::,; it-50 a:nil Seplw­
de::,; G-150 ()7' G-200-Fractionation of albumin was performed 
according t.o the method of Janatova el ol. (3). In some cases it 
was desired t.o fractionate smaller samples of albumin than those 
used in the procedure cited. The same procedure was used, with 
all volumes and flow rates scaled down appropriately from the 
conditions of the larger fractionation schemes. 



TADLE JI 
None~leri.fitd fatty acid ,;()1r11posit.ions• of A rm our BSA 

Armour BSA 

Noncslerified 
Lot F71G0I fatty acid 

Lot Lot Lot alter pa.ssa\l;e 
E71S0J K450-ll Fi 160I down DEA -

Sephadcx 

14:0 0.026 0.024 0.018 0.018 
16:0 0.234 0.223 0.198 0. 196 
16: 1 0 .045 0.038 0. 034 0.036 
18:0 0.212 0. 208 0.228 0.221 
11:1: 1 0.354 0.365 0.331 0.338 
18:2 0.089 0.102 0.142 0.150 
18 .3 0 .0Vl 0.017 0 .010 0.011 
20:0 0.004 0.003 0,008 0.004 
2():,t 0.012 0.011 0 .015 0.017 

• Moles per mole of total fatt,y acid . 

RESUill'S 

Fatty A.cid H eterogeneily 

Natu:re of Fatt:y ,tcfrls Bo-un<t to Allmmin-Tbc fatty acid com­
posit ions of several preparations of BSA were det.ermined by 
gas-liquid chromatographic analysis. Chloroform-methanol ex­
tracts, heptane extracts (as in the D ole assay) and whole protein 
gave identical fatty acid distributions . The results of the anal­
yses performed on the total fatty acids ext racted from BSA with 
chloroform-methanol 1 :1 are summarized in Table II; these 
results for Armour BSA are in good agreement with the fotty 
acid distributions rnport.ed for Pm,iP.t. RSA itnd BP.hringwerke 
BSA (26). Only very slight variations were noticed among the 
fatty acid distributions of the three different Armour prepara­
t ions, which perhaps reflects the large plasma pool represented 
in the commercial preparat ions.2 Eight fat ty acids const ituted 
the bulk of the fatty acids associated with BSA: oleic, pahnitic, 
stearic, liuolcic, palrnitoleic, myristic, Jinolenic, and arachidonic 
acids. 

Further ga..'>-liqu.id chromatographic analysis indica ted that, 
the fatty acids bound to BSA may be considered as essentially 
nonesterified . Esterifo,-d fatt,y acids comprised less than 1 % of 
the total detected fat.ty acids extracted from BSA by chloroform­
methanol, 1 : l ; the peaks observed in the test for esterified fatty 
acids were tentatively designated as 20: 1 and 20: 3. Chromato­
grams of sa:mples which had been hydrogeMted prior to esterifica­
tion showed no new peaks in comparison with the chromatograms 
of samples which had been esterified without hydrogenation, and 
it was therefore assumed that no peroi,.idized or branched chain 
fat ty acids were present in the samples in significant amounts. 
The amounts of 14-, 16-, 18-, an<l 20-carbon acids present Mter 
chromatography of the samples which had been hydrogenated 
prior to esterification were the same as those obtained wi th 
samples which had been esterified without hydrogenation; the 
agreement between the two data sets affords an indication of 
validity in the identification of tbe fatt,y acid components. 

Albumin fractions which had been obtained by DEAE-Sepba­
dex A-50 chl'Omatogra,phy of BSA had differing fatty acid con­
tents (Table I ll) : the fat ty acid content of Fraction A (mer ­

c.aptalbumin) was lower than those of the later eluted fract ions. 
The fractions (see Fig. 1) have been characterized previously 
(3) : Fraction A is men:apta.lbumin (i .e. albumin monomer with 

1 R. Seidel , personal communication. 
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TADU) llI 

Fatty acid and suljhydryl content of allmmin f ractions 

BSA fraction 

Fa tty acid con teut Sulfhydryl content 

Native I Charcoal­
I defatted 

N a tivca 
1

1 Charcoal­
defatted 

mofes/mt1le o.lbri-min ,nonomer 

0. 22 0.05 0.98 0.92 
Bl 0.97 0 .13 0 ,16 0. 12 
B2 0 .99 O.I:3 
C 1.04 0. 17 
E 0 .57 0. 18 
Calculated average (mole/ 0 .48 

mole whole albumin) 

• Previously published data (3). 

OEFATTED BSA FRACTION~i.,_, _ _l,,.!)_!,_I 82 _i ... , : , C 

600 NAflVE BSA FRACTIONL - ~ . ,!. _J__!;i!. ! 13_2_l I C 
. ~ 

2.00 • 

; · 
i 

i 
i 
i 
I A 

j 

/- ·f 
' i 

0.06 0.02 
0 36 0.44 
0. 14 0 .18 
0 .6,j 0 .45 

L __ 9 .... l~J 
i..J. oJ 1.~J 

9.0 

0 50 10 0 150 200 250 300 350 
TUBE NUMBER 

Fm. 1. The elut ion profiles of nat ive and charcoal-defatted 
BSA after fractionation on D EAE-Sephadex A-50. •- · , ab­
sorbance of eluate of native BSA at 280 nm;-·- - , absorbance of 
eluat.e of charcoal-defatted BSA a t 280 nm; - - -, conductivit,y of 
eluate. 

1.0 sulfhydryl group per molecule); Fmcti.on Bl is non-mcrC'apt­
albumin monomer which is readily convertible to mcrcaptalbu­
min on addition of small molecule thiols, with the liberation of 
1 mole of cysteine per mole of albumin3 ; Ji'mction I32 is a non­
mercaptalbumin monomer which is not readily reducible to 
mercaptslbumin on addition of small molecule thiols ; Fraction 
C contains a nonmercapt.albumin monomer and a sulfhydryl­
containing dimer; and Fraction E consi,;ts of sulfhydryl-free 
dimers and ~mall amounts of higher polymers. 

It can be seen that the fatty acid conwnt of the albumin prior 
to fractionation (T able 1) was greater t han that calculated from 
summation of the fatt,y acid contents of the fr',•wtions (Table 11(). 
To determine whether certain fat ty acids were being selectively 
adsorbed to the ion exchange resin, the fatty acid composition 
of a BSA preparation (Armour, Lot F71601) was determined 
both before and after passage down a DEAE-Sephadcx A-50 
column. The fat ty acid content of the albumin was 0.62 mole 
per mole of albumin before passage over the Sephad.ex and 0.48 
mole per mole of pooled eluate albumin after passage over the 
resin. The fat ty acid distributions, as determined by gas-liquid 
chromatography, are included in Titble II. T he distributions 
were in good agreement, indicating that passage over the ion 
exchi1nge resin had resulted in a general decn!ase in fatty a.cid 
content, without selective removal of a.ny particular fatty acid . 
The simila rity of the binding constants of the long cha.in fatty 

3 L. Edwards, unpubl ished dat,a . 
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acids to BSA (27) would argue against any pronounced :selecUve 
removal of fatty acid. 

Three l3SA fractions were examined by gas-liquid chromatog­
raphy: Fraction A, Fraction Bl, and Fraction B2 to C. The 
fatty acid distributions are presented in Table IV. The fatty 
acid <list1;bution in Fraction A (mercaptalbumin) was distinctly 
different from the fatty acid distributions of the later eluted 
fractions, the difference in the amount of oleic acid (18: 1), the 
major fatty acid component, being most pronounced. 

Rcm,wal of F'r~lty Acids from Albumin- The charcoal treatment 
was effective in reducing the fatty acid content to less than 0.1 
mole of fatty acid per mole of albumin. Ultracentrifugal anal­
ysis indicated that the dimer content of the defatted albumin 
(5 to 6%) was unchanged from that of the native protein and 
this conclusion was supported by starch gel electrophoresis of 
the native and defatted albumin prC'para.tions. The sulfl1ydryl 
content of the defatted albumin (0.42 mole per mole of albumin) 
was, however, lower than that of the native protein (0.64 mole 
J)er mole of albumin). 

Fractionation of DefaUed BSA on DE.4.E-Sephailex A-50- The 
clcfatted BSA preparation described above was fractionated on 
DEAE-Sephadex A-50 by exactly the same procedure as that 
followed for the previously reported fractionation of native al­
bumin by Janatova et al. (3). The elution profiles of the native 
aud defatted preparations are shown in Fig. l. There was not 
an exact volume correspondence between the profiles because 
tho 1-<'sin columns used in the fractionation varied a little in height 
from run to run and because the final buffer was added at quite 
different elution volumes in the various runs . Yet, a lthough 
t.here were minor, but real, differences between the native and 
dcfatted profiles, the over-all similarity qetwccn tho elution 
profiles of the native and defatted albumins clearly indicated 
that the heterogeneity exhibited in the elution profiles of BSA 
was not primarily related to fatty acid heterogeneity. 

Immediately following elution from the column, samples from 
iudividual tubes (or several pooled adjacflnt tubes if the albumin 
coucentrations were low) were analyzed fot· their sulfhydryl 
content, (Table 111). Starch gel electrophoresis wrus performed 

TAllLI·.' IV 

Fattu acid com1wsi1,ion of certain BSA froclions 

Nonesterl6ed BSA" ll$A4 I BSA" BSA 

I 
BSA I BSA fatty acid A Ill Il2 to C A Ill Il2 to C 

mole/m,te jaJly add n1ole/mole albumi,i 

H:0 0.038 0.020 0.017 0 .008 0.019 0.017 

16:0 0.249 0.210 0.206 0.055 0.201 0.210 
16: 1 0.051 0.041 O.OH 0.011 0.040 0J}t.'i 

18:0 0.237 0.2ii4 0.229 0.052 0.244 0.234 
18: 1 0.255 0.338 0.366 0.056 0.324 0.374 
18:2 0.126 0.115 0.109 O.D28 0.110 0.112 
18:3 0.012 0.009 0.009 0 .003 o.oos 0.009 

20:0b 0.008 0.004 0.003 0.002 0.003 0.003 
20:lb 0.001 0,002 0.002 0.0002 0.002 0.002 
2();2b 0.002 0.002 0 .003 0.0006 0.002 0.003 
2() :3b 0.010 0.003 0.005 0.002 0.003 0.006 
20:4• 0.011 0.005 0 .006 0.002 0.00! 0.000 

" Calc11lations were based on the t,otal fatty acid content dc­
tr,rmined by the Dole assay (19). 

b Assignment of t hese fatty acids was made wi~h less certainty 
than the major components. 
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011 :sample,-s from c11.ch of the tubes which had been sampled for 
sulfhydryl analysis; the monomer and dimer contents of the 
corresponding fractions of defatted and native albumin appeared 
identical except that the defatted Fraction C contained about 
one-third monomer wherea.~ the native Fraction C contained 
about one-l1alf monomer. Tl1e sulfhyd1yl and dimer content1s 
of the fractions were determined prior to freeze-drying since it 
had previously been observed that the sulihydryl content de­
creased and the dimer content increased after freeze-drying. 

After fractionation had been completed, the tubo contcmts 
were pooled to give the fractions denoted at the top of Fig. l. 
Starch gel electrophoresis was performed on the pooled freeze­
dried fractions; again, corresponding native and defatted frac­
t.ions appeared to have identical monomer and dimer contents 
with the exception of Fraction C. 

l•'ormation of N on-mercaplalbumin 111. cmom.ers and Further 
Oharadcrizalion of kl onomer Comporuml8 

Since non-mcrcaptalbumfa monomers were formed on dialysis 
and freeze-drying of mercaptaJbumin solutions, it was of interest 
to determine whether or not these monomers corresponded with 
those present in native albumin. Dilute solutions of mercapta,1-
bumin in water at pH 5.0 were repeatedly exposed to air, dia­
lyzed, freeze-dried, and redissolved to give au approximately 
0.3% albumin solution . The sulfhydryl content decreased mark­
edly after the first dialysis and freeze-drying, but subsequently 
reached a plateau value of about 0.65 mole per mole of albumin. 
Di:;c gel electrophoresi:; ind icated :;mall amount& of dimer forma­
tion in this process. Fractionation of the tre.ated preparntion on 
DEAE-Sephadex A-50 indicated the formation of the Fraction 
B2 and C monomers but. not of Fraction Ill. Disc gel electro­
µhoresis showed tllat Fraction C was composed of about 50% 
monomer and 50 % dimer, as is llOrmidly obs;erved upon frac­
tionation of whole albumin. Similar results were obtained when 
this procedure was conducted with defat,ted mercaptalbumin, 
although slightly less Fraction C monomer was formed. The 
results of the disc gel electrophoresis of the major fractions of 
the native and rlefatted mercaptalbumin p1-eparations are pre­
sented in Fig. 2. Parallel studies conducted in the presence of 
10- s M EDTA gave results identical with those obtained with the 
EDTA-free samples. Iodoacetamide-treat.ed merc11ptalbwnin, 

(a) { b) ( c) (d) ( e,) ( f) (g) (h) 

Fw. 2. Disc gel elec t.rophoresis patten,,; of Lhe major rrac~ious 
obtained from ai r-oxidized native and chareoal -defaHed rner­
captalbumin preparations. Fractions from oxidized native 
mercaptalbmn.iu: a, BSA-A; b, BSA-B2; c, BSA-C; d, BSA-E. 
Fractious from oxidized chareoal-defatted mercaptalbumin: e, 
BSA-A; f, BSA-B2; g, BSA.-C; h, BSA-K Migration was from 
the t.op (a.riode) toward t.he bot tom (cathode) for approximately 
50 min :it; 2.5 ma per tube. 



Bl, B2, and C monomer preparations remained unchanged after 
dialysis and freeze-drying. 

The detection of unsaturated, readily peroxidizable long chain 
fatty acids in the gas-liquid chromatographic analysis of BSA 
raised the possibility of the involvement of lipid peroxides in 
the observed loss of thiol of the merc.aptalbumin. It was there­
fore decided to examine the effect of adding a peroxidizing lipid 
l:-0 mcrcaptalbumin. To a small sample of defatted rnercaptal­
bumin (A monomer, 0.9.5 su\fhydryl group per molecule) in dis­
tilled water at pH 5.0 was added 1 mole per mole of Iinoleic acid. 
Upon exposure to nir linoleic acid readily peroxidizes to give a 
system of albumin and peroxidizing lipid. The solution was 
freeze-dried and allowed to stand in the cold room (2°) for 2 
weeks. Coneurreutly, au identical solution of defattecl A with­
out added linoleic acid was freeze-drie.d and allowed to stand in 
the cold room. After standing for 2 weeks as freeze-dried pow­
de1-s, the sulfhydry l content of the control was 0.9 mole per mole 
of albumin whereas the sulfhydryl content of the mercaptal­
bumin-linoleic acid preparation had decreased to 0.76 mole per 
mole of albumin. The freeze-dried powders were allowed to 
stand in the cold room for another week and were then frac­
tionated on DEAE-Sephn.dex A-50 (column size, 1.0 X 12.0 cm) . 
A comparison of the elution profiles is shown in l•'ig. 3; assign­
ment of the peaks wiis made by estimates of the buffer concen­
tration at which the peaks were eluted and comparison with the 
t\lution profile of native BSA (Fig. 1) . 

Both preparations consisted mainly of mercaptalbumin and 
conta.ined about the same proportion of Fraction E. However, 
the albumin-linoleic acid preparation contained a significant 
amount of F ractions B2 and C, whereas the control contained 
smaller amounts of B2 and trace amount.5 of Fraction C. 

Disc gel electrophoresis revealed that very little dimer was 
formed upon the addition of li.nolea.te. F raction C, normally 
50 % monomer and 50% dirner, contained only a trace of dimer. 
The last eluted fraction (Fraction E) which normally cous.ists 
mainly of dimers and higher polymers, contained about one­
third dimer and two-thirds monomer. The relatively high pro­
portion of monomer in the E fraction:,; was due to the addition 
of the final buffer somewhat earlier t.han in the large sen.le frac­
tionations, so that, some lat<: eluted monomer albumin was eluted 
with Fraction E. 

Hortwge.neity of lllcrcaptalburn.in Sulfhydryl Group-The ease 
of diminution of the sult11ydryl content of mercaptalbumin to 
about 0 .8 mole per mole Md the apparent sta.bility of the re-
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Fw. 3. T he eul11tio11 profiles of freeze-dried charcoal-defa.tted 
mercaptalbumin J>repara1'ions with and without added linoleic 
acid after fractionation on DEAE Sephadex A-50. - - , ab­
sorbance of eluate of BSA.A-linoleic acid at 279 nm; ---, ab­
sorbance of eluate of BSA-A at 279 nm. 
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maining sulfhydryl groups after the sulfhydryl content had been 
reduced to about 0.6 mole per mole focused attention on the 
homogeneity of the albumin sulfhydryl group. Since DTNB 
react.'> slowly wit.h the albumin .sulfhydl'yl group (plateau values 
are reached in about 30 min), unlike its almost instantaneous 
reaction with cysteine, it was decided to a.nalyze the rate of reac­
tion to determine whether or not sulfhydryl groups of differing 
reactivity were present in a mercaptalbumin solution. In the 
presence of excess DTNB the pseudo-first order rate const.<mt 
was invariant with time. No l1eterogcneity in terms of sulf­
hydryl reactivity was thus observable by this technique. 

Regenerability of Sulfhydryl Group of BSA-C Monomer-It 
had previously been shown t.ba,1; l31 non-mercaptalbumin mono­
mer could be reduced under mild conditions (0.05 M thioglycolate, 
pH 5.5) to give a protein which contained one sulfhydryl group 
per mole protein, whereas only limited regeneration of t.he sulf­
hydryl group of the more retarded 132 0011-mercapf:.albumin 
monomer could be achieved by the same treatment (3). Since 
the regenerability of the C monomer had not been de·termined, 
a similar reduction was performed in duplicate on a preparat.ion 
of Fraction C monomer. The reduced C monomer preparations 
contained 0.82 :ind 0.86 mole of sulfhydryl per mole of albumin. 

Circidar Dichro·ism and Fluorescence Stucli.es 

Preparatwn of Fractions- Since it was difficult to maintain 
the mercaptalbumin suUhydl'yl group, especially after defatti11g, 
whole BSA was alkylated with iodoacteamide to give a sulfhy­
dryl-frce a lbumin preparation. Fractionation of the alkylated 
native and defatted BSA preparations on DEAE-Sephadex A-50 
resulted in elution patterns which showed some retardation in 
the elution of the a.lkylatcd mercaptalbumin from the column; 
Fraction Bl a.ppeared as a hroad shoulder on the late eluted 
side of the Fntction A peak. The alkylated mercapt.albumin 
preparations l:-0 be used in the CD and fluorescence measure­
ments were therefore obtained by pooling only the early eluted 
portions of the Fraction A peaks. The fractions eluted after 
Bl appeared identical with those obtained with native albumin, 
a lthough reehromatography of the C fractions on Sepha.dex G-150 
showed a somewhat lower percentage of monomer in the alkyl­
ared preparations. Since the Bl, B2, and C monomers con­
tained no reactive sulfhydryl group and appeared stable in solu­
tion, most measurements 011 these components were made on 
material obtained from native or defatted BSA. T he four mono­
mer fractions all migrated as single apparently identical bands 
on disc gel electrophoresis. 

CD Spectra in vH Range of N -F Transition- The near- aud 
far-ultraviolet CD spectra in the pH range of the N-J<' transi t.ion 
were determined for several monomer preparations: native A; 
iodoacetamide-treatecl A; iodoacetamjde-t reated, charcoal-de­
fo.tted A; iodoacetmnide-treated, charcoal-defatted A to wh.ich 
5.2 moles of oleate per mole of protein had been bound; native 
C ; and charcoal-defatted Bl, 132, and C. The pH range of the 
measurement.':! was from about 3 t.o 5.5 and all solutions were 
0.1 111 in KCI. More extensive, constant wave length measure­
ment& were performed at 209, 220, 262, and 269 nm 0 11 iodo­
acetamide-treated, charcoal-defatt.ed A and charcoal-defatted 
Bl and B2. Representative spectrn for A are shown in. Fig. 4; 
these spectra are qualitatively the same as those obtained with 
the other monomer preparations. 

In the far-ultraviolet (200 to 240 nm) region of the spectrum, 
BSA exhibits a fork-shapt.'<i nega.tive ellipticity band with max­
ima at 209 and 220 nm wh.icb is characteristic of an ex helix spec­
trum (the corresponding a helix maxima are the n - 1r- band 
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Fro. 4. CD spectra. of nal,ive BSA-A in 0.1 M l{CI at 25°. - - -, 
pH 3.365; · - ·, pH 3.81; -, pH 4.13; · ··· , pH 5.26. (6) is the 
molar ellipticity in degrees-mn•·decirnole-1. 
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FIG. 5. pH ellipticit:y profiles of three defat.ted monomer a.1 -
bumin fractions at 262 nm, 0.1 M KOi, 25°. Ltft-hand ordinate; 
ellipticities of BSA-A (45 data points) (- -) and BSA-B2 (30 
daLa points) (- - - ). Right-hand ordinate, ellipticities of BSA-Bl 
(• ). . .. •, estimated ellipticities of the l~ forms of the derat.ted 
albumin monomers. 

at 222 run and the parallel 1r - 1r- band at 206 nm (28)) . For 
proteins containing no prosthetic group, the optico.l activity in 
the near-ultraviolet (24-0 to 350 nm) region of the spectrum re­
sults only from transitions of the arornat.ic residues or cystine. 
Vi7i thin this spectral region, BSA exl1ibits a broad shoulder of 
negative ellipticity with maxima at 262 and 269 nm . At pH 
values greater than 4 thel'e is also a very weak negative elli.pt icity 
band centered about 290 um. The wavelengths of the ellip­
ticity maxima were invariant to albumin fraction and pH in the 
pH range of the N-F transition. 

Since other studies have indicated that one or both of the 
maxima at 262 and 269 nm are reflections of disulfide transitions 
(see "Discussion.") and since disulfide heterogeneity has been 
proposed as an explanation of whole albumin heterogeneity (I I), 
particula.r attention was paid to the pH-induced ellipticity 
chsrn11;es at these two maxima. The molar ellipticities of de-
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Fm. 6. pH ellipticity profiles of three defat,ted monomer al­
bumin f.ra<:tions at 269 nm, 0.1 M KCI, 25°. Same symbols as in 
Fig. 5. 

fatted Bl, B2, and iodoacetamide-treatcd defat ted A monomers 
at 262 and 269 nm as a function of pH are shown in }'igs. 5 and 
6. These data were obtained by constant wave length measure­
ments on at least t,hree different samples of each monomer. The 
samples gave identical data within the limits of accuracy of the 
measurements (±1 %). Defatted C monomer gave data which 
were indistinguishable from those obtained with defat.tcd A. 

The curves are reflections of t,wo different types of structural 
change: the sigmoidal portion of the curves above pH 3.5 is re­
lated to the N -F transition while the more linear decrease in 
ellipticity below pH 3.5 is associated with the over-all acid ex­
pansion of the molecule. Since there is some overlap between 
these two phenomena, the molar ellipticities of the F form of the 
monomers were obtained by extrapolation. of the sigmoidal part 
of the curve to lower pH values. 

Some parameters of the various monomer preparations are 
given in Table Y. Ll pH~i is the difference in pH between the 
ellipticity values representing 90% of [OlN - lOJ"' and 10% of 
[O]N - [O]F and is a measure of the bl'eadtJ1 of the transition. 
Por a given monomer, the pH values of the 262 and 269 nrn 
transition midpoints were essentially the same, implying that 
both bands reflect the same config1.1rational change. Within 
the accuracy of the measurements ( ±2%), the native and iodo­
acetamide-treat,ed mercaptalbumin preparations appeared iden­
tical. This is in agreement with the findings of M.oore a.nd Fosi.er 
(29), who observed no detectable changes in the optical rotatory 
dispersion and solubility behavior of 1mtive BSA upon alkylation 
of the sulfhydryl group wi th iodoacet.ami.de and therefore con­
cluded that the structuraJ inU)grity of tJie native protein was 
unaltered after this chemical modification. This identity vali­
dated the use of iodoacctamide-treated, tlefatted A in the more 
extensive studies which were performed on the defatted A, Bl, 
and B2 monomers. 

The differences in the shape of the transition curves of the 
various A preparations (except the one containing over 5 moles 
of oleic acid per mole of protein) and the defatted Bl and C 
monomers, indicated by differences in Ll pH~~' were probably 
within the exper imental accuracy of tJ1e measurements. The 
transition curves were adjusted to the S&me ellipticity magnitude 
for the N form. of the protein and the curves shifted so that the 
transition midpoint pH values coincided. A best fit curve was 
drawn through all U1e data points. The calculated standard 
deviation of all the data points was 0.0025 and the standard de-
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TABL£ V 

Parameters of N-F tran~ition of BSA 111ono1ners as determined by CD rneas1irements al 262. 269, and 209 nm 

>- = 262 nm >. =-=- 269 nnl ~ ~ 209 nm 

:Monomer (ej,., X Ill" ' I (8)20, X 10-< [eJ.., X 10·• 
Midpoint Midpoint 

4- pH~~ 
Midpoint 

.d pH!~ .d pH~~ 
pH 5 pH3.5 

pH I pH S pli 3.5 
pH 

pH s pli 3.5 
pH 

--- - ----- - - -
A nat.ive and iodoaceta-

mide-treated . . . .... .. . ... 7.3 5.8 3.94 0.65 6.7 5.4 3.95 0.68 
A defo,tt,ed, iod.oacet,amide-

t reated . . . . . . . .. . . 7.30 5.84 •1.07 0.64 6.85 5.54 4.07 0.67 12.0 10.7 3.95 0.51 
Bl defat,ted . . .. . . .. . . .. .. . . 7.00 5.54 4.07 0.64 (\.65 6.34 4.07 0.67 12 .0 10.7 3.95 0.51 
B2 defatted .... . .. . .. . .. . .. 7.04 5.82 4.10 

I 
0.64. 6.60 5.52 4-.11 0 .66 12 .0 10.7 3 .95 0.51 

C defaW~d .. . .. .. . .. , . . . . 7.3 5.8 4.08 0.61 6 .8 

via.tions of the individual data sets were in the s.ame range (0.0022 
to 0.0028). The molar ellipticity differences observed between 
the defatted Bl and the defatted A monomers are therefore not 
reflections or any structural change which affec,¼ the iDtera.ct.iou.s 
involved in the N-F tran~tion. They are probably due solely 
to the conversion of the cystcinyl residue to an a.symmetrical 
disulfide which then contributes to the total ellipticity of the 
molecule. 

Howev~r, the ellipticity differences observed with the de­
fatted B2 monomer (lower molar ellipticity of t,he N form of the 
molecule; higher transition midpoint pH; and lower magnitude 
of IO)N - [81,) would indicate that some structural change had 
occurred which 11,ffeckd the iuterac.tions in;rolved in t,he N-F 
transi1,ion and which dest,abilized the interacting or N form of 
the molecule. 

Although the native and iodoacetamide-ti:eated mercaptal­
bumin preparations (0.2 mole of fatty acid pel' mole of protein) 
gave pH ellipticity profiles which were indistinguishable in shape 
from that of the defatted, iodoacetamide-t reated mercaptal­
bumin, t,he midpoint, of the transition was at, a lower pH than 
that of the defatted protein, further evidence of the st.abilizing 
effect of fatty acid. 

At higher fatty acid concentrations, native C monomer (1 mole 
of fatt.y acid per mole of prot,ein) and alkylakd, defatted mer­
captalbumin to whi('.h over 5 moles of oleat.e per mole had been 
bound, the N-F trau.<sit,ion.s were much broader than those of the 
delatt.ed proteins with an almost complete loss of the sigmoidal 
characteri.stics of the cmves. This increased bre.adth of the 
pH ellipticity profiles i!S consistent with the observed increase 
in electrophoretic heterogeneity upon addit,ion of fatty acid (30) 
and the observed broad<.'ning of the pH solubility curves upon 
addition of fa.tty acid (7) . While t,he oleate-A monomer prep­
aration showed a ma:rked stabilization of the N form of the mole­
cule, no such stabilization was observed with native C monomer. 
Furt,hermorc, although ~he ellipticity of the N form of 
the oleate-A monomer preparation decreased to about - 7.0 X 
104 deg cm2 per decimole, r10 such deorelll:ie was observed with 
nat ive C monomer. 

Plots of the ellipticity of the defatted, iodoa.cetamide-treated 
A and the defatted Bl and B2 monomers at the two far-ultra­
violet CD maxima a.s a function of pH, through the region of 
the N-F transi tion, are shown in Fig. 7 . Within the limits of 
accuracy of the measurements (:±:2%) all t,hree monomers dis­
played ideniical pH ellipticity profiles. The 209- and 22O-nm 
profiles differed significantly in shape. The curves at 209 nm 
appeared sigmoidal in character above pH 3 .4 although there 
was a considerable overlap of the sigmoidal part of the curve 
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Fw . 7. pH-ell ipticity profiles of three defatted monomer al­
bumin fractions a& 209 and 222 nm, 0.1 .M KC!, 25°. Ellipticities 
at 209 nm: BSA-A (0), BSA-Bl (□) , and BSA-B2 (*)- Ell ip­
ticities at 2'..!2 nm: BSA-A ( e ) , BSA-Bl ( ■), and BSA-B2 (* ). 
· · · ·, estimnted ellipt,icit.y of the F form of the defatted albumin 
monomers; · · , pH ellipt.ici~y profile of defatted BSA-A at 262nm. 
The pH 5 ellipticity value at 262 nm has been set at, that of (0ho1 .... 
and t,he other data points nmmalized to the [0IN - IO IF value a t 
209 um. 

with the lower pH, acid-exp,'l.nsion region. An e;,timate of tbe 
ellipt,icity of the F form of the molecules was made by inverting 
the higher pH portion of the curve and best fitt,ing i t to the pH 
region between 4.1 and 3.7. While there was some uncertainty 
as to the correct value for [O)p, the data obtained with upper and 
lower limit values of - 10.8 and - 10.6 X 106 deg cm 2 per deci­
mole d id not differ greatly, giving midpoint pH values of 3.97 
and 3.93 and 11 pH~~ values of 0 .46 and 0.56, respectively. Data 
obtained with a. mean value of -10.7 X 106 deg cm2 per deci­
mole are listed in Table V. 

11ie pH ellipticity profile at 220 nm was almost linear below 
pH 4.; the slight curvature t.hat it displayed was qualitatively 
the same as those of the other pH ellipticity profiles. No at-
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F rc. 8. Fluorescence of mercaptalbwnfo in 0.1 i.i KCI at 26°. 
a, nuorescence emission spectra of iodoacets.mide-treat.od, de­
fatted mercnptalbumin. - - -, µH 5.30 nnd pll 4.80; - · · · -- , 
p!I 4.14; - . pH 3.05; - - , pH 3.80;-·- , pH 3.40 8Jld p.1-1 3.6(j. 
>-o •• 1t .. .ion = '280 nm; protein <Jonc1mr:1.tion = 0.05 mg p er ml. b, 
flu orescenc:c of iodoacetamide-tr ented, defat.ted mercaptnlb11H1in 
at 34.3 nm as a function of pH. X.,.;,.,ion = 280 run. 

tempt was made to obtain ~ -F transition data from th.i:, profilP. 
The dashed line in Fig. 7 represents the pH elliplicit.y profile of 
defatted, iodoacct.:imide-tre1tt.Pcl niercaptalburoio a t 262 nm. 
For ea..."O of compari:;ou with the 209-nm data, the 262-nm data 
have been normalized to the (9)x - [9lF value at 200 nm, 1.3 X 
106 deg cmt per decimole, a nti briven the same ellipticity value 
as the 209-nm data. ttbove p H 5. 

The intensity of the CD hand at 290 nm wai- :io weak tha,i the 
ellipticity dat.a. at this wave length were very inaccurate. How­
over, from the daln that could be obtained, it appeared that the 
pH ellipticity profile was :-igrnoidal in wape aud that the transi­
t ion midpoint was approximately pH 4.2. Tbe innccuracy of 
the d:itu. did not permit the detection of any possible difff'mnces 
between the various albumin monomers. 

Fluorescence S/udies- 1"luol'esceuce spectra we•~ obtained for 
several monomer wepuraLions through the pH nrnge of il1e N-F 
transition, with an excitiug wiwe length of 280 .run. The mono­
mer preparii.tioos examined wore: native A; iodoacetamide­
trc:nted A; defatted, iodoacctamide-treated A; defatted 112 and 
C monomers. More limited studies were conduct-Od on native 
132 and C monomers and on rlefatted BL Rcpresentativr fluo­
rescence spectra are ~hown in Fig. 8. 

In general, decreasing the pH from approximately pH 5 to 
3.5 rt>.sulted in a decrease in the flnoresceoce i □ teitSities and a 
blue shift in the wavelength of 111aximurn fluorescence, in agree­
ment with previously t'epor ted data (31, 32). TJ1e wave length 
uf maximum fluore,scenc~ uccurrecl at about 343 nm a t pH 5 
o.nd ubout 332 nm at pH 3.5. Although th(' magnitude of the 
blue shift was somewhat 1tl't'11l.er lhan that l'Cported by Spector 
n.ncl John {32) for whole albumin, this disagr<>ement is probably 
due t-0 the fact that these authors made no mP~isurcmentP below 
pH 4. 

A plot of the fhtor('scen<-c o{ charcoal-defatt~d, iodoacctnmide­
treated mcrcapta.lbumin nt 343 nm a;. a nmctio11 of pR is 11li,:o 
shown in Fig. 8. Qualilativcly similar curves were ol.,tai11ed 
with t.l,e other defatted monomer preparatiorui. I t was very 
diffi cult to maintain tl1e pH of these very dih1tc protuin soluLions 
in O.L M KC!; consequently there was considerablo 1wror in the 
measurements in the pH range of the N-F trnnsition and the 
fransition midpoint pH n1lucs could not be determined with 
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TAIJL'f: VI 
Fltiorescence of N(p H 5; >..,.,., = 543 mn) and F(;pH S.6; ~ .... = 882 

nm) forms of BSA nomomers at emi83icm 11111:1;ima 

llonorner 

Fluocc:;ctncc 
(arbitrary 

units± 0.1) 
A 131 81 C 

---
~&tivc Dcfall<"d Dcfalled Native Delattt'd N•l3"e Defatr.ed 

--- - - --- - - -- -----
'"" 

343 (N) 5.0 6. 3 5.9 I 4.8 ,1.8 4.9 4.8 
332 (F ) 4.. 1 4. .2 I 3.8 3.7 3.7 3.8 

any great ac('uracy. All defatted monomers gave midpoint 
Yalues of 4.1 :I: 0.1. 

The fluorescence inten:sities of the various monomers a t, pH 
5 {34.3 nm) and pH 3.5 (332 nm) are given iu Table VI. The 
most striking difference between tho monomers was the relatively 
weak fluore~cence of t.he B2 and C monomers aL pH 5 as c.om­
pared with that of mercaptalburnin . Furthermore, while na.t,ivo 
:md iodoacetwuide-troated A monomt1t-s (-0.2 ,nole per mole 
of protein prior to dofu.tting) gave identical fluoresoonc,-e intensi­
ties, a smaU but real increase in interu;lty wa.s obse1"ved at pH 5 
upon removal of the fntly acid: no ::.-uch increase in rluore;;cence 
intensity wns observed upon defatting the B2 and C monomers 
(~l mole per mole of protein prior to defs.ttiug) . 

Since t1·yptophan i;i rc.'\dily oxidized, it was thought th.it, the 
lowei· fluorei:cence int.en.~ities of the J32 aad C monomers might 
be due to a partial destruction of the tryptopha.nyl re:.<idum;. 
TryptopJmn anl\lyscs were conducted on o, stut\dard t ryptoplmn 
solut.iou, on wl1olt1 l.\8A and on A ancl il2 monomer fraetious 
with the method of Spies and Chambers (a3). Pmtein concen­
trat ions were determined by the microbiuret method. All lhwe 
protein preparat ions gave identical spectm in U1c assay and g-a\"e 
,rn>tophan to albumin molar ratios of 2:1 (:1:3%)-

ln a. furtJ1cr attempt to find an expliu1ation for the lower lluo­
rescence int.enl:lities of Lhr 132 and C monomers, 11, &'ries of ex.pc-ri­
menti< on the quenchin11: of the fluorescence by iodide was under­
t11k(-m (lfi, 34, 35). l ll the firsL set uf experime11ls, the ionic 
strength w1L:; maintained at 0 .4 by the a<ldiLio11 of appropriate 
amounts o.f a Rl,ondm·d 1"aCI ;;olution nod the pH was maintained 
at 5.5 ± 0.2. The quenching of lryplopha.11 fluorescence of 
defatted, jodoacet1\mide-treakd mcrcaptalbumin and defattetl 
B2 mooorner under these conditio11,~ is shown in F igs. 9 and 10. 
Since both data plots are nonlinear, it i.-. apparent tl,at the :,imple 
Stem-Volmer relationship (Equation 2) <loeR not hold. While 
the curvatw-c of tht'. plo t..-. could be due to the 111-e..--encc of tryp­
topbuo.s of !l,1'Cll.t,l_y differing K 0 vlllues, tho wrll documf\ntcd 
binding of ioditlc by nlhumin (36) suggested U1at this was a more 
likely explanation lif the data and that, static quenching (Equa­
t ion 1) wa;; involvocl , 1',;pecia.lly ttt tho high iodide, low 1:hloride 
couc.entra.tious. To test, t.bis hypulhe>tls some experiments were 
conducted a t pH 5.5 in which iodide, chloride, plio:;phat-e (which 
is bound relatively weakly by albumin), and total ionic st rength 
were all variable~. The greatly increased qutodung by low 
iodide conc:rntrutions in the prellence of low rhloride cone,enlru­
tions or pbo~phatc ~howed that iodide binding wns contributiag 
to the fluoresccn.cc quenching. At h·igh chloride concentraLions, 
little or no vario.tion wa:< observed in the amount of queuehing 
produeeu hy l,be JWP.sence of a given low ioilide concentration. 

To overcome tho static quenching by ioclidc a series of experi­
ments were conducted at an ionic streDgth of 2.0, the 
ionic :.lreugtb heing maintained by the ndclition of NaCl. The 
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F10. 9. Stern-Volmer plot of the quenching of monomer al­
bumin fluorescence by iodide. Iodoacct.amide-treated, defatted 
mercaptalbumin, pH 5.5, ionic strength = 0.4 (O) and ionic 
strength= 2.0 (e ); defatted B2 monomer, pH 5.5, ionic strengt,h 
= 0 .4 (□) and ionic strength= 2.0 ( ■). Albumin concentration 
= 0 .15 mg per ml; >-cxoitstion = 295 nm ; >-. m,os,on = 3'13 nm, 25°. 
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FIG. 10. Modified Stern-Volmer plot of the quenching of mon­

omer albllmin fluorescence by iodide. Sa.me symbols !\lid data as 
in .Fig. 9. 

iodide concentration was never greater than 0.1 M. Under these 
conditions, iodide birtding should be m~gligiblti. T he data ob­
tained in th('-'iC experiment..,; are plotted in Figs. 9 Rlld 10. While 
the /1~/F versus (J-) plot~ show8orne curvature, the fi'~/1).F versus 
1/ (l- ) plots a.re linear and extrapolate to a value close to 2 a.t 
1,1(1-) = 0 . When the data were standardized to a concentra­
tion of 10-e M, it, was observed that the 6.F va,lues of the mer­
captalbumin and the B2 monomer were identical within cxpt1ri-
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T AIJLE VII 

BSA. monomer fluorescence parameters as determined by 
iodide quenching of triJptophc.n jlnorerscence 

Ionic Monomer F; I F; I F: KQ strength (de/atted) 

arbitrary unils .,-, 
0.4 A 155 ± 3 74 ± 5 81 21 ± 2 

B2 129 ± 3 73 :1: 5 46 21 ± 2 

2.0 A 155 ± 2 74 ± 2 81 8 . 1 ± 0.2 
B2 143 ± 2 74 ± 2 69 8 .2 ± 0 . . 2 

mental error (±3 arbitrary unit:!). The data were ana.lyzed by 
the use of Equation 4 since it appeared that one of the trypt<>­
pha.nyl residues was unavailable to iodide. Using adjacent pairs 
in the calculations, no progressive change in the values of P~ and 
K~ could be detected as the iodide concentration increased. The 
values were the same as those obt.ained by graphical e>..i,rapola­
t ion of the <lat.a po.in t,s in Fig. 10. The data arc summarized in 
Table VII . Also included in this table are dat~t obtained from 
the tluee lowest iodide coneentrations at, an ionic strengt,h of 0.4. 
As can be seen from Fig. 10 the da.1,a plots are linear at these 
iodide concentrations. 

From the data in Table VII it can be seen that the quenchable 
tryptophanyl residue exhibits the same fluorescence behavior 
in both monomers but that the fluorescence of the unquenched 
tryptophanyl residue is greatly decreased in the case of the 1.12 
monomer and that this rnsidue is entirely responsible for t,he 
difference in the total fluorescence of the two monomers. 

In the course of these experiments it was obs(~rved that the 
ratio Fg (B2) :Fb (A) increased as the ionic strength increased. 
In 0.1 M Na.Cl the ratio was 0.75, in 0.4 M NaCl it was 0.84, and 
in 2 M NaCl it was slightly over 0.9. Since the total fluorescence 
intensity of the mercaptalbumin and the fluorescence in tensities 
of the quenchable tryptopba.nyl residues of both A and B2 mono­
me1·s showed no marked increase as the ionic strength was in­
creased from 0.1 to 2.0, the variation in the ratios of the un­
quenched fluorescence as a function of ionic strength wa.r, due to 
a.n ionic !ltrongth-dependent, increa.r;e in the fluorescence of the 
unavailable B2 tryptophanyl residue. 

In the preseJlce of 6 111. urea, 0.4 M NaCl, pH 5.5, the Ft; F 
versus (I-) and F~/6.F' versu.s 1/(J-) plots were linear and ex­

tra.pointed to an ordinate value of 1. The l(<J calculated from 
the reciproca.1 plot was 3.6 M-1. 

A few experiments were conducted with an exciting wave 
length of 280 or 305 1un. The data obtained on excitiug with 
305-nm light gave z,,i;P tiersu.s ([-) and F'~ /6.F versus 1;([·-) 
plots which were indistinguishable from tho.."6 obtained with 
an exciting wave length of 295 nm. The data obtained on ex­
citation with 280-nm light resulted in a reciprocal plot in which 
small but real differences in slope and intercept values were ob­
tained. T he near-identity of the 280- and 295-nm data provides 
further evidence for the very minor role of tyrosyl residues in 
the fluorescence of albumin at pH 5. 

A few experiments were also conducted 011 defatted Bl mono­
mer a.nd defotted HSA. T he BJ. monomer gave fluorescence 
intensitiE',S in both 0.4 and 2 M NaCl that, were about 95% that, 
of the mercaptalbumin. Once again, it appeated that the slightly 
lower value was due to a decrease in the fluorescence intensity 
of the unavailable t ryptophany I residue. The F'~ and Ko Yalues 
were indistinguishable from those of mercapt.albumin. The 
loue tryptophanyl residue of HSA was quenched in a manner 
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ve1y similar t.o that of tlie quenchable tryptophanyl residue of 
the bovine proteiu. The fluorescence intensity of the mercaptal­
burnin at "'""" was however 2.6 to 2.7 times that of the HSA 
at its slightly lower Amax of 338 nm in agrccme11t with the findings 
of Steinhardt et al. (37). 

DISCUSSION 

FaUy A tid II elerogen£ity 

Althou~h, on the bnsis of their observations upon addition of 
oleic acid to mercaptalbumiu, Petersen and Sober (10) suggested 
thu,t complexes of albumin with fatty ltcids and other small mole­
cules may account for ob;;erved chromatographic heterogeneity, 
the results presented here have clearly indicated that the herero­
geneity exhibited in thcelution patterns of native BSA onDEAE­
Sephadex A-50 is 11ot due to fatty acid heterogeneity. Not only 
were the i-ame elution peaks obtained upon fractiona.Lion of both 
the native and corresponding dcfo.tted proteins, but the sulfhy­
dryl and dimer content:- of the fresh defatted albumin fractions 
remained essentially the same as Lhose of the corresponding frac­
tion.~ of native protein. The discrepancy between the result;; of 
Petersen ai1d Sober and tho~e of the present commU1uc:bt.ion may 
be due to the presence of much lower fatty acid c01wentn1tion,; 
(less than 2 moles per mole) in the present studies. 

Although all the freeze-dried albumi11 fract ions exhibited lower 
sulfhydryl contents :tnd higher dimer contents than the co11'e­
sponding freshly eluted fractions, the sulfhydryl content of the 
freeze-dried def atted mercaptalbumin was even lower than that 
of the corresponding freeze-dried native mercaptalbumin. Wa­
ter-dialyzed, freeze-dried native A contained about 0.80 sulfhy­
dryl group per molecule, whereas water-dialyzed, fret:ze-dried, 
charcoal-defatted A had about0.7 ~ulfhydryl group per molecule. 
These resu Its are in agreement with other reported examples 
of an increased ]ability of defatted albumin witl1 respeet to heat, 
dcnaturation (38), urea denaturation (39, 40), the population 
broadening correlated with microhetcrogeneity (8, 41) a.nd the 
postulated rlisulfidc interchange reaction (11). 

fnterpretation of t,he fat,Ly acid cont.eut.c, (Table III) of the 
various BSA fractions in terms of differing binding constants 
is not justified due t.o the relatively l:uge amount of fatty acid 
that was bound by the positively charged Sephadex resin. The 
data obtained by analysis of whole albumin before and o.fter 
passage down the resin and by calculation of the average fatty 
acid content of the summed fractions (moles per mole of whole 
albumin) show that about 25% of the fatty acid was removed 
from the albumin by the resin. If the resin-fatty acid interac­
tion is mainly eleetrostatic in origin (unlike the albumin-fatty 
acid interaction which contains very large hydrophobic contribu­
tions), the resin should compete with the albumin most effectively 
at low ionic strength::. Hence the low ionic strength, first eluted 
fraction, the mercaptalbumin, should have a lower fatty acid 
content than the higher ionic strength, later eluted fractions. 
Indeed o,t high ionic strengths, some of the previously bound 
fatty acid may Le displaced from the resin and bound by the 
later eluted fractions thu::s increasing their fatty acid contents 
above tl1eir original values. While there may be differences in 
the fatty acid content of the various species of albumin it is im­
possible to disent,angle t,hem from the large resin-fatty acid ef­
fects. 

While the varying fatty acid content of the fractions can in 
large part be explained in terms of resin-fatty acid binding, it is 
difficult to explain the differences in fatty acid distribution in 
these terms. Spector et al. (27) have shown that t,he binding 

constants of pa.Imitate (16:0), oleate (18 :1), linoleate (18:2), 
and stearate (18 :0) for whole l3SA primary binding sites at pH 
7.4 are 6.8, 4.0, 3.0, and l .2 X 106 ~c1, respectively. No ob­
servable correl!l,tion exists between these association constants 
and the observed differences in the disti·ibution of these fatty 
acids in the three BSA fractions. 

Role of Unsaturated Fatty Acids in Fomw,lion of 
N on-mercaptalbum.£n Monomers 

Since the Fraction B2 and C non-mercapt.albumin monomers 
could be isolated from freshly prepared freeze-dried mercaptal­
bumin samples in the absence of small molecule thiols, some lo~1' 
of the cysteinyl thiol group by a pathway other than mixed di­
sulfide formation must be opera.Li\'c. Enhancement of the for­
mation of the Fraction Il2 and C monomers upon addition of 
equimolar amounts of peroxidizing lipid suggested that the mer­
captalburnin thiol group is oxidized to form oxidation products 
higher t.han disulfide, i;uch as sulfenic, sulfinic, and sulfooic acids. 
However, the oxidation state of tbe sulfhydryl group of 
BSA after oxidation by freeze-drying or treatment with peroxi­
dizing lipid has not been determined. It should also be noted 
that although tile formation of both the B2 and C nou-rnercaptal­
bumin monomer;; wa::; enhanced in the presence of lipid peroxide, 
the rcgenerability of the sulfhydryl group iii very different in 
the two monomer fractions. Whether or not the regenerated 
sulfhydryl group of the C monomer is the one normally present 
in mercaptalbumin has not yet been determined. 

Thiol oxidation by lipid peroxides is well documented. 
Roubal and Tappet (42) have reported that the presence of a 
large excess o[ peroxidizing lipid resulted in extensive oxidation 
of most of the amino acid residues in BSA. However, Little 
and O'Brien (43) have demonstrated that low concentrations 
of lipid peroxide (4: l molar ratio of tbiol to pero;.,.;de) resulted 
in restriction of oxidation to the cysteinyl residues. Relative 
to the rate of oxidation of small molecule thiols, BSA had a low 
efficiency of thiol oxidation hy linoleic 11cid hydroperoxidc and 
a low mte of react.ion. 

It therefore appears that the binding of a long chain fatty 
acid to bovine albumin can have two opposite effects, depending 
on the degr~ of unsaturation of the fatty acid 11nd oo the loca­
t ion of the binding site. ninding of a long chain unsaturated 
(i.e. readily pcroxidizable) fatty acid close to the reactive sulf­
hyclryl group can result in the oxidation of the sulfhydryl g,roup 
and, hence, the formatim1 of non-mercaptalbumin monomer. 
Alternatively, binding of a long chain unsaturated fatty acid 
a.t a site far from the reactive sulfhydryl group or binding; of a 
long chain saturated fatty acid results in stabilization of the 
rnen:aptalbumin sulfhydryl group. 

Assignment of CD J1axim.a to Protein Residues 
and Secondary Structures 

200 lo 250 nm-Alt,hough the far-ult.raviolet CD spectrum 
of bovine albumin is characteristic of au a helix spectrum, there 
is an inversion in t,hc magnitude of the two maxima with respect 
to those of helical polypeptides. Such an inversion has been 
noted in many cystine-containing proteins (44, 45) and may be 
due to overlap of the peptide transitions with those disulfide 
t ransitions which can give rise to strong bands at wave lengths 
just below 200 nm. In addition, tyrosine, tryptophan, phenyl­
alanine, and c:ystine all show i rtwm;e pH-independent optical 
activity near 220 nm, whether free or as amides or esters (45-48). 
In particular, Coleman and Blout (49) have noted that the pres­
ence of ll. disulfide bond resulted it1 a reel shift in the wave length 
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of the n - 1r- peptide Cotton effect as well us a change in the 
!(ign and mag11ii.udc of tl1e transition. Since BSA contain~ 2 
tl'yptophanyl residues, 19 tyrosyl residues, and 17 c:ystinyl m;i­
dues (50), then - 1r- amide transition probably overlaps with 
the far-ultraviolet re:,iduc contributions. Furthermore., since 
BSA may contain /3 or other structures in addiLion to a helical 
and random coil configurations, the deviation of t,hc far-ultra­
violct spectrum from that of a helical polypeptides may be at­
tributed in part. to contribution::: from these other configurations. 

The difference in 1-he shapes of the pH ellipticity profiles at 
209 and 220 nm affords furl.her proof of the involvement of var­
ious residues and perhaps backbone s tructures other than the 
a helix in the observed ellipticities. The residue contributions 
should be greater at 220 nm and may differ i ll sign and intensity: 
their presence may thus explain why the ellipticity profiles at 
this wave length do not exhibit the sigmoidal curve characteristic 
of the N-F transition. In contrast, the pH ellipl.icity profiles 
at 209 nm are sigrnoi<lnl with a !'harp N-F transition centered 
about pH 3.95; this may be directly correlated with the abrupt 
t,ransit.ion in fcim; nm centered about pH 3.95 which wa,~ as­
sume<! by Sogami and Foster (41) to indicate the occurrence 
of tbc N-F transition. 

250 to 275 mn-ln a simple a.liphatic disulfide, the di~ulfide 
dihedral angle is approximately 90° and t.he barrier to rotation 
about the disuJiide bond ha~ been estimated as 5 to 15 Cal pPr 
mole (51-53). Hence any disulfide can exist ru; either a right­
or left-handed screw. While simple aliphatic disulfide;; exhibit 
little or no optical activity due to cancellation of the contribu­
tions of the two isomeric forms, one isomer mu.y be energeticaJly 
favored and hence predominate in roore complex disulfideR. 
Nearby asymmetrical centers can influence the magnitude of 
the optical activity of a given disulfide bond, but the sign of t,he 
rotation of the ellipticity is determined by the chirality (54). 
13eychok (45) has suggested (,hat the disulfide bonds of a native 
protein are not free to rotate. Any particula.r disulfide bond 
has thus the ~ame conformation, hence the Fame chiraJity and 
dihedral angle, over lhe Pntire population of molecules. The 
resultant optical activity of the disulfide transitions thus depend1, 
on the particular dist,ribulion of disulfide conformations in lhe 
protein. Recent crystallographic studie~ on lysozyme (55) and 
other proteins ha\·e shown thr disulfide bonds to be rigidly ori­
ented in the native protein. 

Studies on L-cystine derivativt>s fllld small Tr cystine-cont,aining 
cyclic peptides (49, 56) have shown two transitions dii-ectly 
associated with the disulfide bond; a transifjon of gTeat rota­
tional strength at about 200 nm and a weaker transition at about 
2-00 to 270 nm. Ba,;ed 1m a consideration of rot.ational strengths 
(49, 57) and analysi,,; of the corresponding absorption bands 
(53), the 200-um disulfide transition appears characteristic of 
an inherently asymmetrical chromophore and is directly related 
to the geometry of the disulfide bond (i.6. disulfide dihedral 
angle). Similar considerations indicate that the optical activit,y 
of the higher wave length disulfide transition ari:,es t,hrough 
asymmetrical environmental perturbations, resulting from varia­
t ions iu the dihedral angle as well as from other groups in the 
molecule. Bergson et al. (58) have shown that the energy of 
this disulfide transition is a function of the dihedral angle, so 
that the wa11elenglh of the associated CD band appears t-0 be a 
better indicator of changes in disulfide bond configuration than 
is the rotational strength of the 200-nm transition. A red shift 
in the posit.ion of the disulfide transition from its normal position 
near 250 nm has bePn observed in model compounds when the 
dihedral a.ngle has been altered from its normal value of approxi-
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mately 00°, and such an explanat,ion has been invoked to account 
for tbc appearaiict' of disulfide ellipticity bands in cystine rlrriv­
atives and some proteins at wave lengths greater than 250 um 
(59). 

Further evidence on the 11aturc of the residues n•:;ponsible 
for the 262- and 269-nm rllipticit.y maxima of BSA comes from 
the experiments of Velluz :rnd Legrand (44) and Legrand nnd 
Viennct (60) on the reduction of human scrum albumin, a protein 
whoi,C CD spect.rum and general physical proper1,ie::i a.re almost 
identical with those of BSA. T hese authors found that the 
addition of rncrcaptoctJrnnol to human serum :ilburnin had vir­
tually no effect on the CD spectrum: t.bis is not unexpected since 
it i8 known that t.be disulfide bonds of BSA and HSA arc not 
avaihible for reduction by small molecule thiols at. neutral pH 
values (24). Addition of 0.2 M dodccyl sulfate resulted in the 
reduct.ion of both the. near- and far-ultraviolet ell ipticity bands 
by about 20%. Addition of dodecyl sulfate and mercapto­
ethanol resulted in an a lmost complete di~appearam·e of the 
dichroism in the 250- to 300-nm region of the spectrum without 
reducing ihe magnitude of tJ1e far-ultraviolet bands below that 
obscrve<l in the presence of dodecyl sulfate alone. While not 
conclusive, these data strongly suggest that the 262- and 269-um 
ellipticity ma,<lnm are due to disulfide transitions. 

The near-ult.raviolet data at 262 and 269 nm should thus pri­
marily reflect the resultant optical activity due to environmental 
perturbations of the 17 disulfides in albumin with perhaps some 
unresolved tyrosine contributions. It could be argued that 
one of t-he two maxima (preferably the one at 269 nm, although 
even this wavelengtJ1 is low for a tyrosyl bond) is rniiinly due 
to the resultant, optical activity of some rigidly oriented tyrosyl 
residue:,. However, in view of 1he great similarity of the N-F 
traDsition data at 262 and 269 nm, such an assignment would 
imply a high degree of parallelism in the pH-dependent, perturba­
tions of some tyrosyl and cystinyl .rc;;idues. Rather than make 
such an implication in the absence of other confirmatory data 
we ha.Ye, pro /em, assigned both bands to cystine. The ascrip­
tion of one maximum to tyroi,ine would not invalidate any of 
the conclu~ions which bavc been derived from the CD data. 

2715 lo 300 nm-On t.hc basis of studies on amino acids and 
certain proteins (45, 47), the small long wave length ellipticity 
band at 290 nm l1a.-, been assigned to tryptophau. Although 
no discrete bands which could be attributed to tyrosine were 
observed in the 270- t,o 290-nm region of the spectrum, the 
broad shoulder of negative rllipticity in this region cm.tld rontain 
unrcsoh·cd tyrosine contribution$. 

CD-Structure Correlations 

' \ ' hile side chain optical activity contributes lo the f'llipticitir.s 
observed at 200 and 220 nm, the large ma.gnitudci' of the clliptici­
ties and the genera l shape of t he spectra are evidence that these 
transitions arc mainly helical in origin. From optical rota.tory 
dispersion studies, Sogami and Foster (41) have estimated the 
helical content of the N form of BSA to be about 54% and that 
of the F form to be about 47%; similar results were obtained 
by Bryan and Nielsen (61) from hydrogen-deuterium exchange 
studies. The lowering of [0),09 by about 10% on going from pH 
5 to pH 3.5 agrees well with the helix-content data. The 20% 
decrease in [OJ at 263 and 269 run on goiug from pH 5 to 3.5 sug­
gest.s a greater decrease in rigidly oriented cystioyl and perhaps 
tyrosyl i-cgjdues. The invariance in the wave lengths of t.he 
ellipt.icity maxima through the pH range of the N-F t ransition 
is evidence that this isomerization does not involve the forma­
tion of new, low pH, rigid structures in which the environments 
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and hence dihedral angles of the cystinyl residues are altered. 
The N-F transition ellipticity data can best be interpreted as 
a change in the over-all structure of the molecule without any 
great perturbation of the local environments of most of the cys­
tinyl residues and without much loss of helix content. The 
<>llipticity data are thus very compatible with Foster's crevice 
model for albumin (62). 

All dcf:tttcd monomers exhibited a broader N-F transition at 
262 and 269 nm than at 209 om. Furthermore, the N-F transi­
tion midpoint pH Yalues were considerably higher nt 262 and 
269 nm L11an at 209 nm. Although it was not poAf'ible to deter­
mine a midp(>int pH for the transition at 222 nm, it was observed 
that the vH values a.t which the 209- and 222-nm cllipticitieR 
be,z::i.n to decrease from their N form values were the same and 
were considerably lower than the corresponding pH value;; at 
262 and 269 nm even when the latter values were corrected for 
diffel'ing tr:msition br<.>~u:!Lh. It woulcJ therefore appear that 
~ome local disorientation of some cystiayl and perhaps tyrosyl 
re:;i<lues precedes the genemlized opening up of the crC\·ice as 
evidenced by the decreased a helix ellipticitie.~. In <l.isagreemeut 
wiLh this hypot,hesis, other studies (7, 63, 64) have suggested 
thr.t the N-F transition is an all or none proce~"- However, a 
two-step process ha.s hern ohserved for the N-F i.somerizatioo 
in the JJresencc of ScN- and ClOi- (65). lf a much less pro­
nounced two-step procc;:;s were operati"e in the presence of 0.1 
M KC!, the CD data could be exphin<'d satisfactorily, provided 
the first step did not involve the helical portions of the molecule. 

The breadth of the N-F transit.ion profile has been taken as 
a 1Masurc o( the heterogeneity of the albumin preparation. The 
extreme shaqm<>ss of the 3.0 :it KC! pH solubility profile of char­
co::i.l-defatted mercaptalbumin (midpoint pll "" 4.2 to 4.3, ~ 
pH~g = 0.11 (7, 66)) as compared wit,h the much broader profile 
of uatin> whole BSA provides a striking example of such rela­
tionships. However, although the high ionic strength pll 
solubility data and classical solubility studies in ammonium 
sulfate (66) at pH 5.32 and high ionic strength have shown the 
defattcd mercaptaJbumin to be homogeneous, reversible boundary 
spreading (66) and isoelectric focusing measurements (67) at 
low ionic strengths have shown the protein t-0 be electrically 
heterogeneous. This microheterogeneif.y may in pa.rt be l"\J­

sponsible for the broadness of the CD .N-F tronsitiou pron.Jes. 
It is difficult to correlat.e the N-F transition solubility data with 
the CD data in view of the differing salt concentrntiorn, (a situa­
tion of even greater importance in the case of an anion-biucling 
protein like albumin) and of the fact that small structural changes 
which arc clearly reflected in one type of measurement may be 
of negligible importance in another type of measurement and 
hence not reflected in the resultant data. The difficulty in re­
lating tmnsition breadth to heterogeneity is highlighted by the 
CD data in the far- aud near-ultraviolet regions of the spectrum: 
the breadths of the N-F transitions at 262 and 269 mn are con­
siderably greater than that at 209 nm. 

The identity of the pl-I ellipticity profiles of the various de­
fatted monomers at 209 nm and the near-identity of the profiles 
at- 262 and 269 nm comprise compelling e,·idence for an almost 
cornplele identity of !-tructure of t.he monomers. The only 
ellipticity profiles which displayed differenc~ tluit could be as­
cribed to structural differences were the near-ultraviolet profiles 
of B2 monomei· at 262 and 269 nm. The lower transit.ion mag­
nitu<le and higher midpoint pH of these profiles indicate some 
dislocatio11 of cystinyl and perhaps tyrosyl residues iu the crevice 
of the N form of the molecule with a resultant destabilization 
of the N form of the albumin. Due t.o lack of material, more 

detailed, constant wave length measurements were not con­
ducted on C monomer preparations and some small but ri>.al 
differences could e:-.ist bet.ween this monomer and mercaptal­
burnin. 

The effect of fatty acid on the N-F transition (stabilization 
of the N form of the molecules, broadening of the tran:;ition) 
agrees well with other observations (8, 11, 38-41) on tJ1e st,a,bi­
lizing effect of fatty acid aml affords furt,her proof t.hat at least 
one of the fatty acid primary binding sites i:; i11 or very nC'ar 
t.he crevice of the N form of the molecule. 

Fluorescence-Structure Correlations 

The fluorescence emission spectra of human ancJ bovine serum 
albumin at neutral pH values and those of many other tr~·pt.o­
phan-coutaining proteins are predominantly t hat of lryptophan 
(68, 69). Based on the observation that the wavelength of 
maximum fluorescence oI tryptophan underwent a blue shift 
from 350 to 332 nm upon going from a, hydrophilic em·ironrnent 
to a hydrophobic one, Tealc (69) suggested that the fluorescence 
intensity and the wave length of maximum emiS<:io11 of trypto­
phanyl residues in proteins are sensit.ive functions of their en­
vironment. This hypothesis has been confirmed by scvr.ral in­
vestigations on native and denatured proteins (16, 69-72). 

Changes in fluorescence which accompany the N'-F t ransition 
in BSA and HSA have been report-cd by Steiner a11cl Edelhoch 
(73), Spector and John (32), and Chen (74). TJ1c fir8t two 
papers report a decrease in the fluorescence intensity and a blue 
shift in the waYe length of the emission maximum of BSA as 
the pII decreased. The fluorescence-pH profiles were quite 
similar to N-F conversion-pH profiles obtained with other types 
of mearnrement. With an exciting wave length of 275 um, 
Chen demonstrated that the pH-dependent changes in the ll110-

rescC'nce emission intensities at 350 nm (trypt.ophau Jluoresccnce) 
of HSA solutions correlated almost exactly wit.b the N-F transi­
t ion with u midpoint at pH 4.1. In contrast the increase in 
intensity at 310 nm (tyrosine ttuorc.scence) as the pH decrea~ed 
was more gradual with a miJpoint about pH 3.6 to 3.8. By 
excit,ing with 295-nm light which is not absorbed by tyrosine, 
Chen (75) showed that tlte tryptophan peak of both HSA and 
BSA was blue-shift.eel by about 8 nrn <luring the N-F t.ransition. 

\-\'hi.le there is some tyrosine contribution to the tluorcscence 
spectrum of HSA (AcxcitMion = 275 or 280 mn) even at pH 5, 
as evidenced by a pronounced low wave length shoulder, the 
tyrosine contribution to the BSA (luoresccnce spectrum appears 
to be minimal. The BSA spectrum at pH 5 has no detectable 
low wavelength shoulder and the band half-width of the BSA 
preparations did not increase as the pH was lowered as might 
be expected if contributions due to tyrosine fluorescence became 
important. The BSA fluorescence spectra obl-ained on exciting 
pH 5 and 3.5 BSA solutious with 295-nm light were almost identi­
cal with those obtained 011 exciting with 280-nm light. The pH­
dependent quenching of the 343-nm fluorescence of the l3SA 
monomer fractions ou exciting with 280-nm light can thus be 
attributed primarily to a pH-dependent change in the environ­
ment of one or both of the 2 lryptophanyl residues although 
some of the quenching may bl' due to the nonspecific effect of 
carboxyl neutralization since Steiner and Edelhoch (31) have 
noted similar although i,;maller quenching in proteins whose struc­
tures are believed invariant to pH in the pH range of the )J"-F 
transition. The similarity of the µH ellipticity profiles at, 202 
and 269 nm to the plI fluorescence profiles provides strong evi­
dence that the c:lmnges in the environment of the tryptoph::i.nyl 
residur.~ parallel the course of the N-F transition. While the 
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nrcuracy of the fluorescence data wns not gl'eat enough to detect 
small differences in the midpoint pII mlues of the various de­
fatfrd monomer preparations, the marked differences in the 
fluorescence int.ensitirs of the A and of the nz and C monomel's 
a I, pH 5 arc indicaLions tl1aL the r11viro11mr11t.s or :iL least oue 
of the tryptophanyl residues arn significantly different in the N 
form of these monomers. 

The slight increase in fluorescence upon defatting rnercaptal­
bumin is in agreement with the observation of Spector and John 
(32) that addition of fatty acid to BSA resulted in a decrease 
in the Huorescence. Thei::e authors have observed that this 
quenching of fluorc!-cence never exceeded 45% and they have 
therefore suggested thn,t fatty acid affects the emission of only 
1 o[ the 2 tryptophanyl residues. Fatty acid was found to pro­
duce minimal changes in the Auorescence of the lone t.rypto­
phanyl residue of HSA. Based on his fluorescence data , Weber 
(70) has suggested that 1 tryptophanyl residue of BSA is near 
a protein carbm,'Yl group while the other, and the tryptopbanyl 
residue of HSA, is not. l'olet and Steinhardt (76) have con­
cluded from binding-induced alterations in t he ultraviolet ab­
sorption that at least one of the tryptophanyl residues of nSA 
is at or nenr one 01· more of the primary binding sites for ce1tain 
hydrocarbons. From recent studies on the optical rotatory 
dispersion, visco:-it~,, H + titration behavior, and fluorescence 
changes induced by the addition of alkyl sulfates to BSA and 
I-ISA, Steinhardt et al. (37) have concluded that the fluorescence 
data can best be explained in terms of a specific tryptophan­
pcrturbing, alkyl ion binding site with a few other equivalent 
binding sites within 10 A of the perturbing site. They have also 
concluded that the tryptophanyl residue at or near the pertw·b­
ing site is in a. rcla.tively polar environment, whiclt lS changed 
to a more apolar one when an a lkyl ion is bound. 

While the dnta on the fluorescence of mcreapt:ilbumin in the 
presence and absence of fatty acid as reported in this paper are 
consistent with the result.s C'ited above, the data obtained with 
the Il2 and C monomers are not. From the identity of the fluo­
rescence intensities of the nntive Il2 and C monomers ( ~ l mole 
of fa.Uy acid per mole of albumin) with those of the defatted 
proteins it would appear that oxidation of the sulfhydryl group 
to an oxidation state higher than disulfide bas resulted in the 
loss of th<' tryptophan-perturbing property of this binding site 
or that the !:'ite no longer binds fatty acid. The tluorcscence 
data thus suggest that at least some of the differences in the 
fatty acid distribut,ions of the monomers may he due to real 
differences in fatty acid binding at this site. 

The results obtained on fluorescence quenching by ioctide 
iudicate tliat the environments of the 2 tr:yptophanyl residues 
are quite different ,~;th respect to their availability to iodide. 
The marked collisional quenching of the fluorescence of one of 
the tryptophanyl residues locates t.his residue in a pa.rt of the 
molecule which is freely available to solvent. The identity in 
fluorescence intensit.y and hence quantum yield of this residue 
in mercaptalbumin and B2 monomer further locates this residue 
in a portion of the molecule which is not perturbed on the con­
version of mercapta.lbumin to the sulfhydryl-frce B2 monomer. 

The inability of iodide t-0 quench the fluorescence of the other 
tryptophanyl residue places this residue in a part of the molecule 
into which iodide cannot freely diffuse. The difference in the 
fluorescence int.ensity of t,his residue in mercaptalbumin and 
B2 monomer further suggest.~ that thi~ residue is in a restricted 
e11Yironment in rea.~onably close contnct wiUi ot,her protein R 
groups and that this environment is perturbed on the conver­
f'ion of mercaptalbumin to B2 monomer. It must therefore 
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be in the vicinity of the mercaptalbumin sulfhydryl group. The 
data obtained with the Bl monomer, in which the cysteinyl 
residue has been converted to a cystinyl residue by condensation 
wiLh cysteine, ure also consistent with this hypothesis. Cystine 
has been shown lo 4uench tryplophan fluorescence (77) . The 
somewhat, lower Ouorescence intensity of the unquenched trypto­
phanyl residue of the Ill monomer (whose pH eliipticity profiles 
were identical with those of mercaptalbumin) could be due to 
quenching of the fluorescence of this tryptopbanyl residue by 
the cystinyl residue thus placing both residues in reasonable 
proximity to one another. Although sequence data on trypto­
phanyl peptides of BSA have been published (78, 79) it is im­
pos.5ible to correlate the sequence data with any postulated 
proximity of the sulfhydryl group and one of the tryptophnnyl 
residues. 

The marked increase in the fluorescence intensity of the un­
quenchable tryptophanyl residue of the B2 monomer with in­
creasing ionic strength suggests that, in this monomer, the sulf­
hych·yl group has been converted to an anionic oxidation product 
which perturbs t.he environment of the tryptophanyl residue, 
the perturbation decreasing as the ionic strength increases. The 
presence of such an anionic group could also interfere with tl1e 
binding of fat.ty acid in this vicinity. 

While the wave length of the fluorescence mn.ximum and the 
fluorescence quantum yield of RSA and BSA are different, the 
quenchable nat11re of the RSA fluorescence suggests that the 
tryptophanyl residue in HSA is in an environment tJ1at appro},,;­
mates that of the quendmble tryptopha11yl residue of .BSA. 
The minimal effect of fatty acid on the fluorescence of HSA thus 
supports thr view that it is t he fluorescence of the w-1quenchable 
tryptophanyl residue of BSA which is affect.eel by the binding 
of fatty acid. 

M acroheierogeneily-Slructw·e Correlations 

The mncroheterogencity of defatted monomer albumin is a 
function solely of t.be sulfhydryl group. Iodoacetamide-treated 
mercaptalbumin docs not form other species of monomer. There 
is consider:ible evidence that the N form mercaptalbumin sulf­
bydryl group is in a somel\·hat rest.ricted environment; for ex­
ample, although the sulfhydryl group can react freely ,\ith small 
molecules such as iodoacctamide, it reacts very slowly or not :1t 
all with larger moleculei- like DTNll. One of the 2 tryptophanyl 
residues is also in a restricted environmeDt since its Huorescence 
is not, depressed by colli~ionaJ quenching by iodide. Further­
more, since oxidation of the sulfhydryl group to 0},,;dation st.::ttes 
higher than disulfide causes no observable changes in the ~ro:,;s 
structure oi the molecules as evidenced by ellipticity data at 
209 and 220 nm but docs markedly quench the fluorescence of 
the restricted tryptophanyl residue, the sulfhydryl group mu!-t 
be reasonably close to the tryptopbanyl residue. A specific 
primary fatty acid binding site must also be in the vicinity of 
the sulfhydryl group and the tryptophanyl residue. Unsat­
urated fatty acid binding at this site potentiates oxidation of 
the sulfhydryl group. Such oxidation, with perhaps the cou­
conutant introduction of a negative charge, results in a localized 
perturbation of this area of the protein. The pH 5 ellipticity 
values at 262 and 269 nm suggest that at lenst 1 cystinyl residue 
is also pertmbcd on oxidation of the sulfhydryl group and thus 
that a cystinyl residue is also present in this region of the mole­
cule. 

The ellipticit,y and fluorescence pH profiles show that this area 
of the protein is located in the crevice which is opened up in the 
course of the N-F transition. Since the crevice of the N form 
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of the albumin contains many charged groups, the environment 
in the crevice is probably quite hydrophilic in nature, a situation 
which would explain the relatively high wavelength of the fluo­
rescence emission maximum of the unquenchable tryptophanyl 
residue. The higher midpoint pH values of the pH ellipticity 
profiles at 262 and 269 nm as compared with those at 209 and 
220 nm indicate that some limited opening up of this area of the 
crevice precedes the more extensive structural a lterations which 
involve the helical portions of the molecule. The higher transi­
tion midpoint pH of the B2 monomer at 262 and 269 nm is evi­
dence of a decreased stability of the N form of this region of 
the crevice when the sulfhydryl group has been oxidized to an 
oxidation state higher than disulfide. 
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