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For several years perfluorooctanoic acid (1) (CF3: (CF2)s- COOH) has

. been used’in this laboratory as a protein precipitant (2). Qualitatively it

has been observed to bind so completely to proteins that little of the pre-

 cipitant remains in the filtrate; this is an obvious advantage in chromatog-
raphy and in various analytical procedures.

The purpose of the present study is to define the conditions under which

perfluorooctanoic acid will effect a precipitation of human serum albumin

teraction between these two reactants.

used because of its unusual properties in bind-

Malerials

A solution of human serum albumin (decanol procedure) was electro-
dialyzed at 40 volts per cm, against conductivity water and clarified by
pressure filtration through a sterilizing filter pad. The product was lyo-
philized and stored at 3°; appropriate amounts of the powder were removed
s needed for the preparation of albumin solutions.

i Sodium perfluorooctancate (PF8) solutions were prepared by carefully
eutralizing a 0.5 per cent aqueous solution of the acid with a minimal
olume of sodium hydroxide.

Procedure

;Prm'pitatz'm-A number of buffered 0.3 per cent solutions of serum al-
umin in PF8 were prepared. Each solution was distinctive with respect
ther to its PFS concentration or to its pH, the latter being determined
Y 0.1 m Mcllvaine buffers (3). The pH of each solution was between
25 and 5.25. The PFS concentration of each solution was such that the
mole ratio (PF8 to albumin) ranged between 0 and 200.! The solutions
ere thoroughly mixed, allowed to stand for 15 minutes, and centrifuged
a clinical centrifuge at room temperature for 20 minutes.  For conditions
der which the protein in a given solution was ouly partially precipitated,
aque supernatant solutions were sometimes formed; in all other cases the

% " Public Healil Service Research Fellow of the National Heart Tnstitute.
' A value of 61,500 was used for the molecular weight of human serum albumin (4).

309 =g L~

3013.0001

Exhibit
3013

State of Minnesota v. 3M Co.,
Court File No. 27-CV-10-28862

3MA00631310



400 ' PERFLUORO . ALBUMIN PRECIPITANT
supernatant solutions were clear. An aliquot of cach supernatant liquid,
or solution if no precipitate existed, was then analyzed for protein by the
Lowry et al. modification of the Folin test (5). PF8 does not intcrl'efé
with this analysis. The percentage of albumin that was precipitated from
each solution under the stated conditions of pH and PF8 concentration
was caleulated. The results appear in Fig. 1. &

Angon Binding—A. number of 0.3 per cent albumin solutions were pre-
pared in radioactive PFS. The ratio (PF8 to albumin) in each solution
was between 80 and 200. The solutions were then titrated at 25° to abo?{t_
pH 3 with hydrochloric acid. In the course of the titration between pH-
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Fic. 1. The percentage of human serum albumin precipitated from agueous aol
tion is a function of the pH of the solution and the molar ratio (PF8 to albumin)
the system. Forexample, at pH 4.75 and a molar ratio (PF8 to albumin) of 80, abo
48 per cent of the albumin is precipitated. :

4 and 3, the protein precipitated completely; several 0.005 ml. aliquo
were removed from each supernatant liquid, placed on aluminum disks;:
and immediately dried under an infra-red lamp. The disks were th e
placed on an automatic sample changer which operated into a gas flo
counter (6). The {ime required for an arbitrary number of counts W
recorded for the sample on each disk. After making suitable correcti
for efficiency and background interference in the counting, the relative
tivities of the samples were determined and compared with the origil
activities of their respective solutions before the titration was star
The molar ratio (bound PF8 to albumin) in each solution was then cal
lated as a function of the molar ratio (PF8 to albumin). The data
given in Fig. 2.

Hydrogen Ion Binding—A number of 0.3 per cent albumin solutions W
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Fi6. 3. The number of hydrogen ions houl
of the pH of .the solution. Curve A represen
sodium PIS; Curve B represents 1 mole of albuminin

drochloric acid or sodium hydroxide,
the albumin, or dissociated from
total acid or base added to a given

was then titrated at 25° with either hy
The amount of hydrogen ion bound by
it, was ealculated quite direetly from the
sulution and the amount of acid or base actually present in the solution as
reflected by its pH. Subsequently, the charge on the albumin molecule

was ealeulated as a function of pH. The data are presented in Fig. 3.
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DISCUSSION

Precipitadz'un—.&lthough Fig. 1 indicaies a certain critical range of pj
and PF8 concentration which must prevail for the precipitation of huu"pa
serum albumin, it also indicates in a qualitative manner the condni(., ;
under which most other proteins would be expected to precipitate. Th ‘“.‘
rather striking features are noted for attention. (1) The conditim.]u]?'l
pH and jonie strength under which complete albumin precipitation oc;uri
are very mild. (2) The precipitation of albumin is completely I'eversib!;

with respect to pH. - An albumin precipitate formed in a PFS solution cap
be completely dissolved by muking the solution somewhat alkaline ( pHé,:
to .7) to the pH at which precipitation occurred. The minimal I;H t
which the solution must be raised will depend, of course upon ;r.he PFE
concen.t-r&tiﬂn of the solution. (3) In acidic solutions, the'precipitation oi:
albumin is irreversible with respect to the PF8 concentration Pl‘O\’idt;d
that an albumin precipitate is dialyzed against an appmpri;mtely acidic
sah{t}on, 1t will not dissolve appreciably as the conceniration of PF8 in
equilibrium with the precipitate decreases. However, the PF8 precipitant
E'an readily be dialyzed from albumin in neutral or slightly alkaﬁne solu-

ions,

. /_hu'on Binding—The scope of Curve A in Fig. 2 is restricted at the upper

* limit by the rather low solubility of PF8 in aqueous solution and at t-hP
lower limit by the concentration of PKF8 which would adequatcly precipi-
late ;}lbumin under the conditions of the experiments. However, it is
clear 1‘1:01'11 the graph that a considerable number of PFS anions bil.ld t;) each
albunnn molecule. The molar ratio (bound PF¥8 to albumin) incneélﬁe'z'
qm.te rapidly as the PF8 concentration is increased. In contrast, the moiar
ratio (bound PF8 to albumin)} decreases very slowly as the n,uﬂar ratio
* (PF8 to albumin) is decreased below about 120. Tn solutions containing

Lh{% minimal concentration of PFS which is effective in completely pret‘i]'*i
tating a given concentration of albumin, the PF8 is almost completely re-
moved from the solution as part of the precipitating complex. Ly

The data of Curve A are treated by an expression derived by Klotz (7
the results appear as Curve B of Fig. 2. :

1 1

r T Ra

1
-+
[

In the above equation, r is the molar ratio (bound PF8 to albumin), n i
Lhe molar ratio (maximal bound PFS to albumin), ¢ is the molar r*lffi(f?,("fe{'
PF8 to albumin) in the solution, and K is a constant pmpm'ii‘on:i:' to the
oqni?ihrium constant. for the PF§ nniﬂn-binr!inﬁ n"u.('f.i.on_ ’Il‘hpll'm.;‘nnw-
ters n the above equation are 1/ and 1 /e, Although there ,.\ no a priort

evidence that i i . e i
idence that the equation docs apply to PF8 anjon binding, it can be as-
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gd by virtue of the linearity of a portion of Curve B, that the equation
apply to the linear portion. The indicated extra.pal&tmn to infinite
g concentration reveals that a maximum of 63 PE8 anions bind to an

S umin molecule by reactions having nearly the same equilibrium con-

.+ Additional anions are bound to albumin at high PF8 concentrations
some less casily described series of reactions. At very high PF8 con-

trations, Curve B of Fig. 2 becomes nearly vertical; therefore the max-
number of PF8 anions that can possibly bind to an albumin molecule
ot be caleulated by the evidence available. In contrast, a study of

anoic acid anion binding by Teresi and Luck (8) reveals that a total

26 octanoate jons binds to two types of sites on the albumin molecule.
minary isotope dilution studies indicate that the PF8 anions are re-
ibly bound to the albumin molecule.

Hydrogen Ion Bmdmgﬂl"wo hydrogen ion binding curves for human
um albumin are depicted in Fig. 3. These binding curves are com-
lly applicable to reversible titrations over the pH range illustrated.
readily apparent from these curves that PF8 strongly influences the
min molecule charge in acid solution. A similar effect has been ob-

ved hy Steinbardt (9) for the titration of wool protein in the presence of
B-trinitroresorcinol, picric acid, or flavianic acid.

By means of the equation described above, the extrapolation of Curves
d B to infinite hydrogen ion concentration indicates that the maximal

mber of bound hydrogen ions per albumin molecule is 107 in each case.

iis number agrees with that found by Tanford (10). Thus, the charge
4he albumin molecule in extremely acid solutions in the presence of that
icentration of PF8 represented by a molar ratio (PF8 to albumin) of
does not, exceed 28; 79 PF$ anions are bound under these conditions.
dotted line in Fig. 3 represents the difference between Curves A and
a function of pH. The maximal difference between the two curves
ear pH 4.25 at which an extra 64 hydrogen ions are bound by the al-
in the presence of PF8. The significance of the coincidence between

64 extra hydrogzen ions and the 63 strongly bound PF8 anions which

28 hound to the albumin is not known at this time; but the coincidence is
Striking that it is brought to attention. Finally, it is apparent that,

,,“ ves A and B coincide above pH 8. This is additional, although incon-

ve, evidence that the PF8 completely dissociates from the albumin
le in alkaline solutions.

,.C

SUMMARY - i

has heen shown thai human serum albumin can be reversibly preeip-

from aqueous solution under mildly acid conditions in the presence
Elow concentrations of perfluorooctancic acid.  In the formation of the
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precipitate, the albumin molecule binds both
octanoate jons to form, under the conditions
a complex that has a net charge of almost zero.

Acknowledgment is made to the Cutter Laboratories for a sample of
Fraction V (11), decanol human serum albumin, and to the Minneggg
Mining and Manufacturing Company for a sample of perfluorooetang,
acid. Carboxyl-labeled (C") perfluorooctanoic acid was obtained through
the Atomic Energy Commission from the Minnesota Mining and Mapy.
facturing Company. :

Addendum-—Klevens and Ellen bogen have recently published their research on the
van der Waals association of bovine serum albumin in the presence of perfluoro acide

(12).
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