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Blolegiosl Importante of Protein Intersction Studies

The plases proteins have numerous functions in the circulatory sye-
tem. Perheps, from & chemloal standpoint, thelr most intereating esction i
associated with their role as transvorting sgents for steroids (Bischeff snd
Pilhorn, 19483 Boettiger, 1946), glycosides (Joldetein, 1949), ures (Bresler,
1949), merouric ion (Rughes, 1950), sinc (Curd and Gecedman, 1952), iodide ien
and chloride ion (Putman and Neurath, 19kk), and many other physiclogie and
non-physiclogic preducts.

A large nuaber of studies have been initiated to elusidate the prow
parties of these complexes and to relste the structural charsgteristics of
both interacting species with the thermodynanmic quantities of the binding pro-
cesss 1t is probable that the resulis will yield pertinent data to aid in the
development of a mechanisn of ensymatic catalysis. Alme, these investigations
will contribute to the deseriptiom of nore complicated associsztions such as
those between large moleculss of the Sllowing types: antigen-entibedy, ine
sulin-insulin, protein-nuclein acids, and hemocysniy

| In pharmacological investigations there is current interest in the
razifications of protein interestionm stuadies, since an important consideration

is the estimation of active drug conecentration in the presence of serum prow-

teins (Bennhold et al., 19383 Davis and Dubos, 19473 and Tompsett et sl., 19k7)d

Presumsbly, the bislogical activity of a drug is dependent, at least in many
1




cases, on uneaplexed drug molecules.

Evidently, as more blolegical precesses begin to be wiewed on 2 moled
cular level, the value of intersction studies w1l be extended.
Chemical and Mechanistic Aims

There are, however, more immediate chemical and mechanistic conse-
quences to be gathered from the atudy of the protein complex. Klots (1949)
has enumsrated the important purposes of interaction studies. These may be
stated as follows: "

(1)s A determination of the number of interscting molecules that are
held by & given protein molecule, under specified enviremmental conditions.

(2). A determination of the maximmm number of sites on a protein
molecule available to a given intemcting species. v

(3)e A thermodynamic consideration of the strength of the bond be-
tween the protein and any given intemtiﬁzg species.

(4). A quantitative statement as to the emct;. of the environment
on the energy of combinations ﬂ

(5)« fRuantitative informetion on the smoztunj}. charaoteristics of
the interacting molecules which faver ecembination with t&e protein.

{6)s A quantitative elucidation of the molecular and configuraticne
al nature of the site on the protein at which a8 given species is bound.

It should be emphasized that, in general, a thermodynamic treatment
has been applied to the protein complex for the purpose of ascquiring the afore-

mentioned information, Resently, as a result of moving-boundary electropho

investigations, interest has evelved in relation to the rates of complex forma-
tion ang J83redation (Longsworth and MacInnes, 19423 Alberty and Marvin, 1950;




3

Swith and Briggs, 19503 and Yang and Foster, 1953). Though the smunt of
work possessing kinetic significznoe is, at present, meager, the results have
an obvious importance in that they aid in construsting a mechanism of protein
intaractions.
Pinding Properties of Folyvinylyyrrolidens

The preblens surrounding and related to protein occmplexes have been
under serutiny mwm,mmmmwnmﬁm QA9Li3-55)
that the synthetic polymer pelyvinylpyrrolidone (PVP) has ereated & good deal
of inteyest with regard to its binding ability., WP was firet synthesismed in
Gernany by Reppe (1938, 1939), in the late ninetesn thirtiss, during the cowrse
of investigaging techniques for safely handling asetylene undery conditions of
high temperature and high pressure. It was produced commereoially in time to bey
used by the Gemms at m.mmmtwmnun a8 & bloed plasss ex-
rander, ‘

14 soon became evident that the polymer 'mam 8 nusber of impore
tant preperties asids from ite use in shock and related therspy. Up to 1951
about onewthird of the litersture references relating to FVP reported on studiep
relative to its officecy in extending the effective pesriod of drug setion (Cend
eral Aniline snd Filn Corp. 1951). An sarly paper described a retardent mtion
on pantocsine when used in pericdural anesthesis (Dittmern, 19L1). When a2 23
perwgent pantecaine solution: was “fortified" with FYP, a longer aneathetic
action was ohgtmd. Since thet time, & vast array of experimental work has
been presented to 1llustrate an sction en anesthetics, hypnotios, antiblotios,
anticosgulants, antibistamines, diuretics, horsonss, and othar compounds.
These have been susmorized in Table I.. The pharmacological or plysiologios)
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TABLE I
LITERATURE STMMARY OF INTERACTIONS BETWIER PVP
AND DRUGS

Literature Bsference

Comnments

Prooaine Hyproohloride

Hexcobarbital Seluble

Terracaine Hy-iroohleride

Dibuoaine Aydroshloride

Tetrasthylammonive bromide

[Oplates

[p~Aninosalis;zlic ecid

ACTH, pltultary extracts

Bourdresux and Bourdine (1948)

Choffel and Amoudrux (1947)

Starlinger (1943)
 Quevauviller (1947a)

Gospsl (1947)

Nennerga (1949)
Leger (1947)

Idan and Bergsmo {1948)
Siguier et al. (1948)
Brun ot al. (1980)

Burat (1949)

3A

anssthetio affect prolonged, drug
assooiated with 20X PYP solutiem

hypertoais PVP sodution, duration
of anesthesis was doubled.

in peridurs] amesthesia, best re~
sults with 8% drug-8%X VP to whish
adresalic was added

astion attributed to prevention of
drug diffusion

iem. injection asscoiated with 25%
mwy

prolongs anelgesic aotion of eplum
and morphine.

drug bloe' lavels mintained for
longer time

sonsiders the reterdest mechanism
to involve two fastors: physieal

offeat in drug diffusion snd inter~
vemtion in drug metaboliss




bnig APfegted

TABLE I (Gﬁngi)
Iiterature referensce

Comments

Insulin

Sulfonssi des

(dimeth v Ibensolysolfant lamide,
sulfagthiodiazole, Sulfa-f-4-
dimethylpyrinidine)

<ueinins

Thrombin

Foptal

&pari#

Lovrat ot al. (1945a) (1945b)

Loubatieres (1946)

Sohubert aund Greser (1850)

Quevauviller (1947)
Lian ot al. (1947)
Perrault and !mmu (1947)

Cuny and Juivy (1948)

3B

prolongs hypoglycemis effect, in-
salin-P¥P effects better than thos
of ipsulip-portanine~sing, considets
that PVP delays sbsorption eof drug
(s.c. injection) and resders phyei.
soohemionl proteotive action or a
neutralizing effeot on the proteolj-
tie enzymes that destroy imsulin.

v

postulates P¥P-imsulin complex
from which insulin is slowly 11 o
bed, also restrioted diffusion of
drug dus to absorption of fluid at
peint of injection by PVYP.

urinary exsretion studies sulfona-
wides slow. to be bound by pVp
(slectrophoresis), no sscelerating
offest on exoretien,

retards exoretion of ‘winine, 20%
Pep

ooagulation time of a hemophilise |
was reduced by i.v. injections of
throzbin-PVP solutlions more than
thro=bin alene

patients whe did mot respond to
septal injections alons were af-
feoted Ly PVP-Neptal preparstions

Begative rosults, no effedt on the
rats of sliminstion of heparim in-
Jected intyavencusly in the dog.




Tavle I (oont.)

G omments

rug Affected Iiterabure referernge
trogenis hormone Lavedan (1948)
(Foliioulin)
[Periciliin Cosar (1945)

3C

estrus initiated hHy & units fol-
lioulin remsined only half as long

as when 3U% PVP was injected with
Hormons

drug effeotivness inorsaced as &n-
d:oated by the aversge life of an-
imals and persentage survivel of

staphylocosocl or pmeumococei in-
facted mice.




| b
aciion aprears to be associated with the fommation of a druge=PVP somplex
wnich maintains drug levels by limiting or minimising excretden, diffusion, or
netabollsm of the drug {see “comments* Table I.) |

Polyvinglpyrrolidors has aloo beon demonstmted to combine with vari-
pus dyes. A sumary of these exyoriments has bemn sesembled in Teble II. Oomw
rounds other than dyes which ha-sened to be studied during the course of these
investigzations are glsc included,

Contemporery Status of the Bindiny lochandem of PVP

Host of the deseriptionsaf the binding awwwrimieu of PYP are of
2 atrictiy quelitative nature, and at mest, indicate that a eomplex has beem
formeds In semiquantitative =ori, Frémwe (1951) used a modified equilibrium
Halysis procedure to determine the overall equilibrium constant and the enw=
tbﬁlm of the resction betwecn i?*‘é‘}f’ msf eonin.

The work of Oster (1952) and Oster and Immergut (295h) is significant
in any assy of the contemperary status of the peliverts binding nmechenism.
They found PYP to bind moleoular iodine, Intepaction was demonsiveied to occur
by observing an increase in the sbsorption spectra of lodine in potassiuvm iow
dide at 290 mu. as PYPws added, A langmuir isotherm was constructed from
the date, end the squilibrium constant for the complex was celoulated to be
1,32, Hwever, it was notabls that if lodine was added to & FVP solutions, a
different binding curve was founi, Spoculation on the mechanism wasgitenpted.
The latter curve indicated that the initial iodine molecules are bound to FVP
with diffiouliy, but onoe some iddine woleeules are bound to the polymer the
succeeding lodine molecules are bound wiith greatsr ease., They sugpest that

rmutizal solarissbility of the aolecules alds in the Linding of the succeeding




Compound Bound to FYP

TABLE 11
LITERATURE SUMSARY OF TINTEBRACTIONS BETWELX PVP
ARD DYES

Literasture Referense

Commerts

Congo red, %esin, Pronteslil
Bilirubin, Atabrine
Bilirubin, Indigo, Cormine
Asorubir, Bromphenol %lue,
Pherol red, Indigo Carminve,
Diamixe red 38

Diamine Red 3B, Irypen
Red ¥

Trypan Zed Stand
verousl, Vieaine
Red 3B, Dismine Pure
Slue, Trypan Red
Dismine Pure Blue FF

Eeuwtral Fad

Gdfeim, antipyrine

Hethylene blue, Methyl violst,

Bennheld ard Schubert {1943)

Sshubert (1845)

Bearhold =t al. {1980)

Sohudert {19500}

Schubers (19560b)

Schubert (1950m)

Sghubert and Yermer (1980)
Sesord {iiw)

Hagord (1950)

Eleotrophoressiz and Diffusion
Studies

In vivo sxeretion experiments

elestrophoresis and in vivo exere~
tien studies

1z vivo exoretion studies

in vivo exaretion studiess

in vivo sxorstion studies, electro~
phoresis

in viteor exor=tien siudies

10 to 20% PVP sol.tion prevents or
retards the diffusion of dilute so-
lutions « dye inte the lsaves of
Blodes onbnadensis

204 PYP hinders pemetration ef
these compounds into spirogyrs.
Bvidomoe is elso pressented that PVP
somblres with water and recders it
unavsilable for plants.
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Table X1 (conmt.)

Idterature Refersnoe

Comments

Rosin

Iedine, Rose Bengel,
Beuzo Purpurine,
Conge Red

x&am

Evan'’s Blue
Conge Red

Srillisnt Vital Red

Frazke (1981)

Oster (1952)
Oster (1984)
Waiderly (1950)
Heldinger {1947)

Cripmrd (1952)

Bquilibrium dislyuis
?g = 3200 ul/n;l
from dlsk = AH), binding de-
ar e
eresied as tampera‘ure increasefl

Epesatrophotometyy

Bpeotrophotonetry

sompared elution of stained
mambranes b5y slbuniz and VP

in vitreo, protestive celloid
studiess in vive, texiolty

8 solorimetric method for the
esstimstion of PYP in whole
bloed, plasma, and wrine




$
molesules. It was possible to axperimentally resch a peint at which the binde
ing sites (ono per monomer unit) were saturated. ‘
Prior to the work of Oster, the resction of lodine wae extensively
used g8 &n snalytical procedure for the deteation of PVP (Ammon and Braune
schmidt, 19493 Korth and Heinlein, 19433 Lespagnol, 19L8; Wurat, 19493 and
Poullain and Pistte, 1548). Kone of these workers made an attempt to unravel
the undarlying nature of the reactiom.

Doebbler (1953) questioned the acomracy of this method. Rather, he
found it convenient and scoumrate to determine FVP during paperchromategraphie
gtudies with a blamath iodide resgent or a potassium lodoplatinate resgent,

No mention was mude regarding the site ‘ur sites on FVP thut are respensible for
these oolor tests.

In summery, it has become eviddnt that the polymer, FVP, has many
proparties of biological importsnce that warrant its use beyomd that of & bloed
plasms expander. It may be anticipeted that its value will be extended in the
near future due o an intense gurrent inderest in these properties. These oo
sideystions were prime instigators in the development of the investigation
that constitutes the bulk of this dissertation.

Theoretical Treatment of Systems Exhibiting Multicle Equilibris

The earlies ¢ expriments that were devised in order to investigute
protein cowrlexes, indicated that more than one intereciing species oould be
jpound on a given protein molscule, As a rvesult of this; mathematicl treatments
invelving mltiple equilibria were developed to treat the resultant data. The
lovelopment of pertinent squations was hastened by previous and contemporery
Lorum whose interest was not necessarily directed to protein interactions, but
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to Mﬁim and electrostatic proassses. The theoretiecal treatoent of
systems exhibiting waltiple equilibeia ie much tod couplex to be considered
here in ite entirety, or even to be adequately summarized. Klots (1953) has
reviewed the treatments in a most voncise form and has fortifisd the review
with a thorough bibliography.

Ane analysis of the gemeral mathemmtical formulstions for the onloue
lations of association constants of complax fon systems has been sonsidered by
Sullivan and Findman (1952). The caloulation of the successive constants of
the uranium (IV) sulfate complex system was attained ty three methods, namely,
that of Leoden, of Bjerrum, and of Freneaus.

Steiner (195L) has pressnted a theorestical study of protein sssooia~
tions when investigated by light scattering, osmotic pressure, diffusien, eleod
trophoresis, and sedimentation stuclss. With the aid of the equations therein
developed 1t was possidble, by means of 1light scattering and osmotie pressure,
to obtain the conseoutive associstion constants. If these are knomn it is
possible to obtaln the diffusion seefficients, electrephoretic mobilities, and
sedimentation constants of the gonseputive polymer species.

Certain aspects of these theoretical trestments will be included in
later chapters of this dissersetion.

Bethods for Studying Intersctians,
Summary of Procedures

Klots (1953) has spumerated the many methode which are available for
investigating protein interectisme. He has found it conventent to divide the
proosdures into two groups, (1) processes exemplifisd by changes in the interw
acting molecules and (2), changes in the behavior of the protein. In the tomfr
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category ®as inoluded the following sehemss: sclubility, redustion in ther-
modynamic astivity (equilibriun dialysis, ultrafiltration, ultracentrifugae
tion, 4istribution batween phoses, slectromotive force measurements), migra=
tion in an slectric field, polarographic reduction, diffusion, changes in
spactra, and biologioal activity, iethods which are dependent upon changes
in the properties of proteins includs: changes in spectre (titration surves,
shifes in iscionta pi}, ppum mmesurenents (spectrophotoneiry, refractom
etry, light seattering, optical rotation), osmotic pressurs, gedimentation,
elsctrophoresis, precipitation, viscosity, surfuce tension, maznetic pro-
parties, and biologlieal aativity.

During the course of procesding to make a functional literature
survay to aid in the investigation of protein and iVP binding, it becave
apparent that mush more pertinent data oould Le gathersd if more than one
mothod of studying binding could be initiated. This was iz lims with the
thinkiog of Yeny end Foster (1905 . supplement .. s proposcd binding mochw
snisn for alkylbenzenssuirionate and albuins by inaluding equilibrium
dialysis and moving boundary data,

ifter some deliberation, 1% was dsolded 0 proceed with the Droe
tein end FVP inventigntions in a somowhat similayr fashicn. It seexmed that
the studies would lend thomsslves conveniently to investigution with both
ths equilibriunm dialysis and icnogreaphic proosdures., Therefore, only these
$wo procsdures will be eonsidered in deteil in this chapter. Sinmce ionog=
raphy sharcs in many of the principles of classicul electrophoresis, ths

latter technique will almo be considered.




8.) Equilibrium Dialysis =

As Xlots has pointed outy this techniqus is dependmmt on & reduction
in the thermodynamic activity of the interscting subetances. The apparetus; in
ite simplest form, consiste of two cempartments separated by & mambrens. This
dislysis membrane is prepared so as to allow free penetration of small interw
acting moleoules only.

| Initially, a colloidsl solution is plzced in one compartment and the

solution of small molcenles in the other. At equilibpium, the total number of
small molecules per unit wvolume in the ccolleid cempartasnt will bes grester
than the totsl mmber of small moleculas per wnit volume in the original ssall
zolecule compartment. This is & result of sn interastion oococurring between
collodd and small molecules. The binding date 1s aseesbled into appropriate
graphic repressntations and the squations of mltiple equilibpria sre applied
o osloulate the equilibrium cvnstants and thermedynamie data. There sre s
naxber of errors associated with the procedure, some of whioh are sc serious
as to sliminate the method in certein studies. Adsorption of the small mole~
ocules on the membrane rendsrs & pereentage of these moleoules undiih to enter
in the euilibrium system. Under certain conditions, 1f the yuantity 1e emall,
sppropristes correction aay be spplied teo eliminste the errvor. The Donnan
effesct may also interfrers and cause the binding data %o be in errver. Again,
corrections may be applisd, or slse the error minimised by the utilisation of
low oolledid concentrations st a pil near the isocelectric point of that specifie
colloids

bs) Electrophoresis « Fres Sclution ~ Moving Boundsry Teohnigue

he proteins, being ssaposed of amino avids and in soms imstences a
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szall peroentage of phosphates or other ionisable groups other than amine aeid
end gyeups, exist in agqueocus solutions as electrically charged entities. The
specific axino acids in thelr groups responsible for lonization inelude’ are
ginine, the gusnldinium greup; aspartic aeid, the beta oswboxyl groups glutsmid
acid, the gawma carboxyl group; histidine, the imidasele groups lywins, the
epsilon-anine group) tymsine; the phenolic group; and lodinated fywosine dere
ivatives, also the phenolic groupss The megnitude of the eleotric charge on
the protein is relsted to the number of these ionisabls groups and to the en=
vironmant of the protein. The degree of ionization is dependeut on the hyw
drogen ion conswpdreticn, the lenic strength of the medium, the tempersture,
and on the presense of non~ionie organie compounds. Besides alffecting the
iontsation of the afomizmaﬁ groups, the buffer ifons of the selution are
oapable of binding with the proteins for sxample, the isoalsctric point of a
given protein is mxmwmt} spon the buffer system employed and also upon the
buffer concetration. This is abttribotable to the binding of buffer ions with
the protein.

fhe elsotrophoretic mobility of a given protein s a function of the
net electris charge and hence of ths musber of lonogeric groups, melscular
weight, shape, and the environmental factorm. By the intelligent control of
the varishibes, primarily pH, o sdxture of proteins usually may be resslved with
ary of the electrophoretic methods, An invaluable treatment of the electro-
chenieal propertiss of the proteins iz given by Alberty (1953)s Included in
his disoussion are the lonivation of amino scids, pepiides, snd proteins)
moving~boundary spparatuss electrophoretic mobilitys isoceleotrie pointas
elscstyphpresis inpacked golummss and electrophoresis convection.
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The quantitative study of protein-ion interactions by means of elec-
t.mmtiou in fres solution involves the uses of complicated equatiens, Quale
jtatively, intersstions may be demonstrated by a change in protein iscelestric

point accowpanying a change in buffer type or a change in buffer concentration
Likewise, certain asynmetries in the ascending and descending boundary patte
may be indicative of interaction phenomens.

Possibly, before the concept of the protein complex is applied to
electrophoresis studies, it is appropriate to define a term that is used con-
tinually in related . mathematical derivations. It is known that a given pro-
tein may exist in a sequence of molecular ferws in solution. The electrophored
tic mobility L of rroiein x i3 a reflection of the various protein forms in
this solution. In essence, at a glven pH, the protein may be said to migrate
with a constituent mobility Ux in a givenb ionic environment. This term is only|
used when the different protein forms are in reapid equilibrium with each other,
that is, the equilibrium is established rapidly as compared to the rate of =
electrophoretic separation. It may be defined as followss .

) Uy 2ty Ay boe R

Ugy the constituent mebility of protein

ay, the frestion of molecules of x in form 1, having mobdility u’l

&g, the fraction of molscules of x in forw 2, having mobility Uy

8, the frsction of molecules of x in form n, having mobility L'

The term "ponstituvent mobility™ will be used exkensively in later chapters of
this dissertation.

Longsworth and MacInnes (1942) sppear to have initiated the necessary

impetus to demonstrate the potentialities of electrophoresis in the study of
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mmaﬁm. In the sourse of their investigation of the resction between
ovalbumin and yemst nmulede acid, consideration was given to the probable
nature of the interaction. If the constituents combine revermibly te form a

complex, L.0.1 hl

Pavi ‘T H'
where P is & polymer with more than one site capable of interacting with v
molocules of ¥, at least five cases might be distinguished on an sisotrophore~
tic snalysis of the sxtures |

(1). If &y is eml) and ky largs, K (3.0 %2 ) will be also large]
Under these conditions the complex is essentially cospletely dissecciated snd
the mtxture will bebave as a norsal mixture of P and N, | |

(2). Itﬁhhrgo and k, smll, then X will be smeil., This myse

2
ten will behave like o mixture of the complex and either F or N, depending upod

which is in excess,
(3). Ifk; end k, sre both small and of similar magnitudes then K
will be neer wnity. Finite concentz:tdons of P, N, and PR, will exist et equidq

ibriom. mmmmwm.mmwammmu\

sinoe the adjustoent of the equilibrium is slow in comparison to the rate of
electrephoretic separation,

(!i). If the rate of sdjustment of the equilibrium is comparable
with the rate of elsotrophoretic sepamtion the pattern will depend upon the
zim of sem ration of the constituents,.

{5). If ky and kg sre both large and of the sam amrofmm,!
the squilibrium is adjusted as repddly as required by the elsctrophoretic sep-
aration of the compenents. It was believed that the ovalbuminemmoleis acid
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systen ws an sxample in this case.

Subseq: ent to this lateer study, it has become evident that a quantid
tative treatment may beapplied to systems possessing characteristics of cese(5].
SsAth snd Briggs (1950) studied the intersction betwsen bovine serus albumin
snd methyl orange in solution at pH S.5 4n acstate buffer of 0.05 donic strength
flethods were devised to obtain the intersction sonstants from the boundsry pate
terns after electrophoresis of the slution, The results agreed satisfactorily
with those obbtained from equilibrium alysis studiss on the sam system. Ale
berty snd Marvin {19%0) huw‘ arplied sinilsr concepts to the bovine sarum al-
buminghlovide jon gsystem. The theony of moving-boundary systess forwak slegw
trolytes 1s the basis for the aathematicsl treatment. (Svenssen, 19k8s M
and Richol, 19L8s Alberty, 19503 and Wiohol, 19%0).

Yamg and Poster (1953) have utilized both equilibriwe dislysis sad
electrophoretic mothods in a study of binding between bovine pisenus albumin
and sodium dodeoylbensanssulfenste. Three regions could be distinguished in
the mng curve, In the fived region, the binding is statistiesl witk a
1imt of sbout twelve ifons per protein woleculs, In region 2 the reaction is
alleorenone giving rise t0 a complex containing about 48 ions. In region 3
the binding was found again to be statisticsl with no upper limit beddg ate
tained under the eonditions emplaved. ”

¢.) Ionograph - Compurison with Chromatography and Free Solution
Elsotrophoresia

A Jarge fraction of the papers concerned with the technique of slege
tromigration in stabilised elewtyuiytes involves the use of pwoteins, protein

deyivatives, and protein hydrolytie products as the migrating species. Ine
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(dentifioation, and analysis of mormsl and pathological blood serun proteins,
normal and abnorwal hemoglobdins, wrinary proteins, cerebrospinal fluid proe
teina, lodinated proteins, gastrie julos proteins, serum proteins of various
animals, aguacus humor proteins, proteins of beef and human lens, muscle
proteins, entibodies, antigens, hemolysins, agglutinins, milk proteins, en-
zymes, protein hormones, peptides, and amino acids. This is in sontrast %o
the literature of ohramatography wherein it is evident that only limited sug~
cess has attended protein inwestigations., Impediments assosisted with the
ohromatographic process inolude slow resclution, incomplete resolusiom, 4ife
fioult elution of proteins from columne, and variable pHl wit aalt effects
that complicats the resolution. A method more eppliondle than chromatography
for the separation and guantitative satimation of the proteins is free solu~
tion electrophoreais. That this teohnique has proven to be extremsly valuable
is avident fm & persual of any ¢ontemporary scisntific journal. There aye |
a number of factors, however, that Limit a grester use of the imstrument, For
example, the apparstus is not insxpensive, relatively large quantitiss of proe=
teins are reguired, timo-consuming manipulations are associated with the pre-
paration of th» eleotropicresis oell, and the amalytissl manipulations sre not
simple, These conaiderationz have definitely limited the olinical use of the
instrument, It is appropriate, here, to stress a point of optimiam with re-
gard to the fonogrephic method; for some of the diffioulties and fsprecticale
ities of the chromatographieo and free sclution methods are sliminated, and prodq
tein resoluticn is aocomplished, in most cases with ease and simplieity, It
is also pertinent to mention that a number of protein studies employing tie

stabilized slectrolyte method have resulted in conslusions very similsr %o
those
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slaborated from irvestigations inwolving classicsl electrophovesis procedures,
This is esvecially evident in view of the ecostents of the book by Abyumeon,
Moysr, and Gorin (3942), and the elsetrophoresis bibliography sssesbled by
Henley snd Schuettler (1953). However, thess afforts are not in vain since
they serve hsphat ionography onn & firm basis and initiate L¢P use as an
analytical md research tool, An evaulation to determine the order of er-or
and reproducitiity of the fonograghic method withthe ultisete aim of comparing
the data with that derived m fyes solution techniques has been undertaken
by various wrkers. Howevar, differemt sualytical schemss were employed and 44
becomes dilfficult o make & rigorous vemparison of the two methode.

Levin and Oberholeer (1952) (195)) have compared the pape electro-
phoretic techmidue with the moving bousdary method of Tiselius snd with-salt
fractionation methods, The protein frectine on the peper were localized with
the bromphenel blue meagent (A% tetradrome~pk
alsobol satursted with sercuris chloride)s The piotein fractions, the
of whish were determined by the sidiine of the troughe bLetweenthe psaks, were
out out and a microwkRjeldahl analysis was made of esch sections After s ress
gent and paper blank are obtaimed, the pretein quantity is deteommined, YThe
resulis, using varicus types of sers, indicated a good sgrecment with those
obtained by free solution eloctyophoresis snd by salt fractionations With
paper electyophoretic anslyses of 17 sera, the reproducibility of duplicate
detersinetione was such that a mem percentage differense Letween Lhe duplie
cates was, for slbumin, 0.65 per vent, with a range of 0s0=2.2 per cent; for
alpha-lmglotulin, 4% was Qb per cent, with & renge of 0.0+1.5 per semtj for
ny At wae Ou8 per cent, wit! a range of 0.1«2.0 per cent) for
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for gamse gloculin, it wag Oeh3 por cent with & range of 0.0-1.5 por cent.
{Expressed as percentages ol total orotein).

K8iw and coworkere (1951) (1952) have performed simllar studies.
Aftar 3taining with bLromphenol lue, the filter paper ms segmented into S zm.
sestions and the dye was eluted {rom each strip with a 5 per cent solution of
godium carbonate in S0 per cent mothanol, The solutions were analysed at a
wavelength of 595 mu snd 4 plobt waz obiained of protein quantity am & funotion
of migration distance. There was geueral agreement vetween the Tiselius mﬂwﬂ
and that of paper elestrophoresis. i qualitetive agresment was alsc ebserved
qatween the elestrvphoretic petters and lonograms of stnormul wers, shus ao-
atling the latter procedurs to be used for elinical and dlagnostic purposes.
The investigations of Barbagallo-Sengiorgi (1952) and of Rive end Mavtin® (1952
are in genersl accord with that of the above workers, but the iatter group
congliders that great divergencies from normal patterss are necessary before
abnoymelities can be demonstyeted on the lonograns.

Previons Ienmographic Interaction Sgudies ’

Blectromigration in stebilized electrolytes has not yet yislded
vinding data of the ealiber obtainwd hy other msthods, Gualitative evidenve
of protein intemctions has teon shown but a nusber of factore have thus far
preasluded the obtalning of quantitative data. Foremest among these factore is
ths presence of the stabilizer which might be thought of as inkibiting the bind
ing botween the protein mnd the interecting specles., With filter paper, the
cellulose and other components may coxiine with some of the sites on the pro-
tein snd deorease the number of sites available to combine with the interacting

avecios. The inexact methods by which the protein migrant is at present sdded




>

. 18
to the stabilizer is an additional causs for concern, for the protein soncen-
tration is difficult to evaluats.

Sinos the migrant generally is added %o a previocusly moistened sta-
bilizer by means of a mioropipette, the volume tlnrough which the protein pen~
etrutes on & meochanical basis will be dependont on the evenness with which
the migrant solution had been applied, Although the protein quentisy is
known, the consentraticn will vary as a result of this dilution effeat, The
caloulation of equilibrium constants, and subsegquently the related thermo-
dynamic quantities, is dependent oa the knowledge of the variocus domponent
concontretions and, hence, it is evident that a more exact rethod of migrent
applicetion mmst be instituted, With the sendwioch teolniqus, for example, es
with other fonographie procedures, the mode of migrant addition is not at
pressnt satisfaotory for interaction studies. The paper is dipped into the
buffer snd then placed on another sheet of Lfilter paper to remove moat of the
liquid, The moist peper is plased ou one glass plate and the protein (brome
phencl blue added) is applied. A ssocond glass plate 8 placed over the paper
and an oven presswie i3 applied, The ende of thw filter paper are put in the
eleotrods vessels and & quantity of buffer moves imto the filter paper and
the system begomes sguilibrated. The protein is loocated by means of the blue
spote Thus, prior to elesotromigration, the protein consentration le &1ffi~
cult to evaluate due to the unimown 4ilution and chrameatographie effects,

Procedures that allow evaporation of water from the buffer in the
stadbilizer may, undor a given set of experimental conditions, result in a
eontimally changing mediun and therefore also complicate interaction studies.

Spitser and MoDomald have baen able to obtain qualitative evidence j
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b & 4
znmmtim using ri).ur paper as the stabiliser (1955). Bquiliirium dislysis
experiments were carried out using bovine serum albumin (BSA) and bromphenod
| biue (8PB) 1n both & phosphate buffer (0,05 pi 8.6, 4°C) and a veronal buf-
for (0.05M pH 8,6, L°0). Similar experiments were conducted using polyvinghe
pyrrolidone (PVF) and bromphenol blues The results of this work were used to
eslitrate the ionographic method, Two lonographic procedures were used o
study these systems., The first method used 2«15 lamda migrants of sithey the
PSA-BPE oy PYP-BFE systems, After the passsage of current for s period of time
long encugh te separate some of the faster moving BFB but short enough to re~
tain some of the mﬂihﬂmmm, the strips wers dried and subjected %o
e direst spectrophotometric analysis (585 mu). An asymmetirie pattorn ws found
wwmm'apmunmmm snd the bromphenol blue in BSA-BPE or
PVRBPE equilibrium miztures, Two blue sones of slightly diffevent hus could
be distinguizhed visually on the filter paper. It was interesting to note that
on prolonged passage of the ourrent, the BPFE sould be completely sepsrated
from the albumin. This is of intarest since mahy of the woriers have used
mmwmunmm»ww "label® mm«:tm,mm
follow its migretion during the course of the sxperiment. The sscond method
connisted in Introducing BPB inte the buffer solution and then adding BSA eor
VP as mgrant. The mobility of both nigrants have been previously determined
in the sams buffer solution with the excepiion that the dye had been omsited.
The compounds, in the presence of the dre, possessed mobilitics ohamctere
istic of the complexes. The WP had its direction of movement rewersed when
the dye was introduced Into the buffar sclutions, thus moving to the anode,
These results will be considered in greater detail in this dissertetion.
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roth md Eallee have reported similer interaction sxperiments invelving a
#gontinuous desorption” process (1953) (1953). 4iwido black 108, szorubin S,
or naphthol yellow were added to. the bulfer aoluﬁan end the mixture was usad
to moisten the filtes .uper satrir-. ilbumin was placed on the strips and ale
lowed to migrate, A white zone on the sirip was found in fromt of or behind
the albumin zone, depending om the mobility of the dye. The interpretation
of these cocurronces was suggested as being dspendant on the formmtion of
albumin-dye complexese
Statement of the rFroblem

The possible biologioal significance and immediate ahenicel aims of
protein binding studies have been previously c¢onsidered. PV and its fatrie
guing propertiss have also been discussed, The pharmadologieal importence of
PVP'a preperties have been reviewed in detail. In view of the similarities
betmsen some of the proteins and PVP $u their ability to bimd various physios
logieal snd mom~physioclogic compounds, an investigation was instituted to
compare their binding mechanisms. lethods employed to accomplish this, and
the resulis subsequently derived, constituts the remaining portion of this
dissertation.
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CHAPTER II

BAFEALMENTAL: MATERIALS, AP/ARATUS, AND PRUC:DURE

&k ohronclogical discusn~ion of {(he evenis conprising a given inves~
tigation has somstimes & tendenc) o eppear illogle.. when formulated into a
written deasription. This is mainly dus %o the investigator's lack of fore-
pight and to the critic's overadundansce of hindsight. The experimental des-
eription that follows $n this chapter makes no pretense to any aymmml
thread of contimuity. The reasons for chooging an squilibrium d@alyﬂta and
an fonographic method to fasilitate an elusidstion of She binding mechanisms
of the proteins and FVP have been previously summarized in Chapter I. In sube!
saguant chapters this choice of stully will have been at lsast mnially Justi-
fieds 4 desoription of the materinls, spparatus, and gweecntma that were
utilised in thess binding studies is includsd here to centralize such related
information and to minimize extensive repstition during the course of the
dissertation,

Polyvinylpyrrolidons ~ Three samples of FVP powdsr were obtained
from the Gensral Aniline and Pilm Corporation. Actually, ome of the samples
was received from the Abbott Labaratories, who had previously o}pt&lmd the
material from this gorporation, |

The mamufacturer has found 1% oomwenient to describe these prepare

ations in terms of their viscumeiric properties, i.e., K-80, K«80, and k=90;
where K bas besn related to relative visocsity in aqueous solutions, an: to

the ooncentration of the polymer in the follouingz equation:
s ToL- $ K
¢ 1+ ie5 (KJC)
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(Prel) is the relative viscosily, that is, the ratio of the solution viscosity
to the viscosity of the pure solvent.
(C) iz the concentrstion of the PVP in grame per 100 ¢c. of solutions
(k) is terasd a viscosity coefficiant. It is usually peported in the liters-
ture a8 1000 times the caloulsted value to avold the use of destimals.
fhe temperature at which the viscodty measurements are msde is usually 25°C,
It should be smphasized that the equation bas Leen derived to desoribe dilute
soltulons. The relation between K and molegular weight is not a simple one,
Suffice it to state at this point that the molecular weight increases as the
K-value increases. This relationship will be considered in finer detell in
subsequent chapters.
The manufacture’s specifications of the thres samples are found in
Teble IIT. |

TABIR IXI

Deseription of FVP Samples - Witwer (19%%)
Evalne E=30 (Belif05) K60 (Type WP) =90 (Type NP)
Approxizs te
Moleoular Weight $0,000 150,000 350,000
Molsture
Content Z5% 6.1 (Karl Fischer) 6.5 (Xarl FPisoher)
Unsaturstion
{Caloulated as
Monomsr) - <18 0.7% O
Ashw £ 0.02% 0.03% 0.0L%
Hoavy Hetals < 20 PPM < 20PN £20 PH
Arsenis <2 Neg. (Cutseit) Reg. {Cutseit)

Hitrogen 12.6 - Oulif ua” mdﬁ
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To prepare the various PVP solutions during the course of titrations
and interactions etudies, standard PVP atock solutions were formulated and
appropriate aliquots were diluted to the desired concentration, This was

necessary sinoes the powler was extremely hygroscopie and definite quantities
ware difficult to weighs Hence it was also imperative that micro-fjeldahl
nitrogen snalysss be performed on the standard stook solutions to emmble the
aforementioned aliquots to be conveniently and correctly utilissble.

Prior to the dewelopmant of this necessa.y procedurs for the come
pounding of PVP solutions, attempts were made to oaloulate the water content
of the powder samples by ovenedrying ot 105°C, It was interesting to note
that there was at  first a deoresse in weight, followed by & weight inoresnss
with & oonoomitant change in color from white to yellawe

Cortain parts of tie investigations utilised both undialysed mmﬂ
and golutions whish had been sxhmustively dielysed sgainst distilled wader
| (4%C) for approximmtely one and cnehalf weekss The water was frequently
] ohanged during that period to insure the vbtaining of & fiml charscteristis
: spectrum of FYP moleculess This procedure was performed prior o some (but
not all) titration and equilitrium dialysis experimentes As & result of this,
& mumber of abbreviations end symbols heve been instituted to denote the spe-

oifie mptutiou utilized in & given exporiment, These conventions will aid
in eonstructing & lueid disouwssion surrcunding the investigation and will be
maintained bhenceforth in this dissertation.
PVP, general abbreviation to represent pelyvinylpyrrolidens in each and
evory [reparations The statemsnts surrounding the symbol will refer

to every projaration and will be a characteristic of the polymer in
general, '




a

PVP-UI0, PVP-UE0, PVP-US0, undislyved polyvinylpyrrolidons samples in

speecified agusous salutions, containing polymers characteristic of

Ew30, EK=60, and K50 sanplos, respectively.
t PVRD30, PYPD6D, WP-100, exhsustively dislyzed (vs. distillscwater)
% polyvinylpyrrelidone samples in specified aquecus solutisns, con~
taining polymers originelly cheracteristie of E=-30, K60, and K~50
samples, respectively.
’ senting frsotion II from bovine plasma (Lot BP. 201-20L) was obtained from
Arnour and Company, Chicagee No sttempt was made to furtber purify this ma-
terial prior to ite utilisation in equilibrium dislysis exp riments. Blsstro-
photetic data obtained from Armour indicated better than 98% purity of tie
material. In a veronal buffer st pH 8.6, lonic strength 0.1, the games glow
bulin bad & mebility et-l»?&xm’s%_‘__ A emall asount of aMster
moving component («3,22 x 10"'5 ﬁf," )’m.ma present.

BPOG will be used to M% this protein in subsequent dissussions
Binding dota and solutions ware assembled on a weight Dasis rather thm on a
molar besis. Molsture content determinations have been assembled in Table IV,
TABLE IV
DETERMINATION OF BPGO MOISTURE CONTERT
Determination - Weight - Weight  Final Weight - Weight - Weight Swatey
Tare Water

:

Tare and et
Oemon Glob. ot Qamen
(try) Glebud
I 18.L8902 18403k  18.k8170 0.00732 0.08533 8.56

I 17.03%80 16,9896  17.03238 0,007h2 0.,0908L B8.17
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A water content of 843?1‘ was used in later caloulations inwelving gasoes glebu-
line :

Grystallised Bovine Flasma Albumin » Two di fferent Arsour
albumdn samples were used: List 2266, Lot B667063 and List 2267, let ME6909,.
BPA will be used to represent this protein in subsequent dlscussion. The
solecular weight of albumin has been given varicus values in similar studies
1.0 70,000, Klots (1946)3 69,0005 Tang and Foster, (1953); snd 67,000, Saith
and Briggs (1950), An intormediate valus of 69,000 has been used in this ine
veatigations Armour has giwen the following aleotrophoretio data to desaribe
both albumin sasples: 97F albwsln {u ® =6.86 x 1075 aa® ), 35 alpha
globulin (u g «5.57 x 1% m,!? ) Ald data was &v‘émf;m a vercnal
buffer of pil 8.6, and am% L+ % W

The following data (Table V) was used to caleulate the water
content of the two powders. (Oven dvying 110°C. 2 dayss Sartorins Balance,

I « II§ Grumatic Balanoce, IIT « IV),
TABLE V
IETERMINATION OF BPA “OISTGHE CORTENT
DEtermination = Wh.Tare and = Wi« =~  Final %8, =  Wt. Water-it.Net «f

Albumin Tare Tare and Lost Abumin ﬁ;uy

| (pey)
I. List 2267  18.6026L 18.38069  18.59240 0.0002k 0.20195 L.6)
TI. List 2267 18.67289 18.38500 18.659Lk 0.01345 0.28388 L.73
IIT. List 2766 19.6298 18,5087 18.6245 0.0083 0.2L1  L.27
IV, List 2766 19.2808 19.1473 19.2750 0.0088 0.1335 Lelb

The average waler eontent of List 2267 was, therefore, L.67%, and of
List 2766 was L.31%. There is, 0f course, 2 valid eriticism of any protein
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wmtey eén‘kant data, for ;t is imown that while a protein will come to & ocone
stant weight at a given temperature, an increase in temperature will result
in the losa of more moisture until the sample again comes $0 eonstant weight
{Haurowits, 1961},

Buffers ~ A1l oomponents of the veronal and phosphate butfer were
reagent grade chemioals, It should bhe atated, also, that while the buffers
are reported in terms of fonio strengtis which sssumes explicitly that molal
quantities were used, all sclutions wers praparaﬁ on & molar busis.

terac ) B

As) Msthyl Crange = Since only exploratory experiments were de-
vised to utilize methyl orange, p={p-dimethyl-aminophenylazo) benzenssulfonic
acid, sodium selt, no atiempts were made to Getermuine or improve the purity
of thies compound, However, it was reported In the literature that the only
impurity to be expected in the dye saaple would be a small smount of sodium
chloride aa & result of the "salting out” procedure asoompanying the precip~
itation of the dye (Klotz, 1546), The aymbol M0 will be ussd to designate
this dye in later discussion.

B.) Erompbencl Blus - This dye (tetrabromophenclsulfonphibalein)
was employed in moat of the eguilibrium dialysis and ionographic experiments,
The dye was twiocs recrystallised from glass-distilled water. Sush a prepar-
ation appssred homogenous by both chrematography (aquecus sclvents, varicus
pa's and buffer solutions, visible and ultraviclet "Mineralight" models 212537
and 513660, light sources). W#ater content determimations subasguent to recry-

stallizations indicated that less than 0,3% water was present in the sauples,
Since the orystals were not appreciably hygroscopic and wers resistant to de~
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compntitm aggosiated gxth oven drying et 1109, for two days (identical
syectrophotometric paiterns and sere jfonograrhic mobility}, the snhydrous
crystals were weighed directly to prepare the necessary sclutions, 7o elime
inate the poseidility that the mamufacturer had d4istributed the sodium asis
rathey than the free scid form of bromphenol blus, a saturaied agueous dye
soluttion was prepared and subjected to a fiame photometrio amalysis, 4 nege
ligibla quantity of scdium was found. BFE will be used to represent this

dye during subsequsnt diseussions,

TS AND ¥

Tisretions - The PVF solutions were titrated in & water-jacketed
Pyrox vessels, All sxperiments mere performed at a constant temperature of
259, by means of water ciroulation from & $hexmostat, A Beskusn model G
pHemetor with & standard No. 1190-80 glass sleeirods was enployed for all
potenticnetric measurements, The sction of the meter was standsrdized and
cheoked at appropriate intervals against freshly prepared 0,05 molal potasw
sium aeid phthalate solution to give a jH of 4,01 at 28°C,

| In all experiments 50 ml. of FVP solutions (56 mg % N, 0.08 M with

respect to NaCl)} were ndded to the titration wessel, Quantities of approxie
mately 0.01 ¥ HCl, but of kmown normality (also 0.05 M with respeoct to NaCl),
were then added to bring the pH to about 3 to 3.6+ Helium was then bubbled
through this resultant solution for twenty to thirty minutes prior t© titre-
tion with & 0.01 M MaCH (0406 ¥ with respeot to MaCl),

A B ml, buret graduated into 0,01 ml, divisions was used for both
the addition of the aoid end titrations with the base. Base was usually added

at 2 minute intervals. It hed beon proviously determined that the &ie intere
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yal wos not important, insofar as & mintmum time was needed to perfom the

pssooisted mechanical mantpulations and %o obsain a stable pi resding.
Studies ~ Bquilidriun dialysis sxperiments were

devised to yleld quantitative evidense of ¢olloid-small moleauls imtersstion,
The Pesults wers found to ald in the development of $wo ionographis proesdures
to demonstrate and study binding phencmens. The basic eonstitvents of a di-
alysis cell are essily acquired and assemblsd to form a funotional weit,

Pyrex eulture tudes, 8" x #*, are rendered Lumeculately elean with
sonventional ehramis asidesulfurie asid sleaning solution followsd by fres
use of distilled water %o remove all traces of this reagent, Twenty milli-
liters of o bduffersd solution of small~moleculs interaction spesciss (EBEB, MO,
oto., as the case may be), at kaown sonsentration were pipeted into the subes.
Various initial dye concentyutions wers tsed to insure ths produstion of
enovgh data to senstruet the olassisal interaction grapha,

The breadth of the censentretion spectrum was linmited st the highset
level to about 0,01 M EPB Ly wvirtue of the dye's solubility sharacterissics in
agusous buffer solutions, 4 dislysis dag was then sssexblsd to aontain 20 ml,
of PWP, EPOG, o EPA solutions. Thess collofds existed in identical buffer
solutions as those in which the dyes resided, Ths bag wes fastensd at sach
ond with glass thresd and suspended in the dye solution,

In all enses an attenmpt was made to0 reduce the alr spees in the saek
to & minimum and %o perform the dinlysis at sonstant wolume., 7he Sest-tude
was stoppered and plased into a shaking Mﬁ. he entire epparatus was
then put into somstant temperature rooms (49C or 379C) and the dialyais ovells

were gently agitated for & period of time to allow an eguilibrium to coour,
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After oguilibrium bas beea attained (as determined by ueing a series
of identical wesssls and removing and analyzing ome at intervals to find the
time reguired until the concentratfon of dye outside the bag does not shange),
an aliguot of dye solution outeide the bag is subjected to & spesotrophotow
metric analysis to estimate the I'ree dye. The aliquot is efither analysed as
in, or slse £ it is %oo consentrated, it is diluted with thw same duffer
until 1t may be analysed within the constructed soneentrstion - opties) den~
sity graphs

Following she e¢nloulation of frewe dye in squilibriuc with the gole
loid-dye complex, the smount of bound dye is sasily estimated, and binding
data is then ssssabled. Usually two independent sets of identical dlalysis
¢ells were conatructed to formulate s glven binding ourve.

4 detailed exitique of the dialysis ~ equilidriom teahnique hes been
asseubled in the following parsgraphs,
1. The dialyser tubing wes a seanless product mads of regenerated osllulose
tubing by the vissose process, end obtained through the Arthur H. Thomes Cox,
Phile (No. 4465=AR, width flat 1 1/16*, diameter inflsted 3/4"). The memuface
turer had treated the tubing with glycerins %o prevent brittleness, aad son~
ssquently the tubing was sxhaunstively washed in dtstilled mater prior 0 all
dialysis stulies. A mioro-ijeldahl analysia imsdicated that a small percentage
of nitrogevous material mas lost from the tuding during the equilibrium exe
periments, Yang and Foster {1953) have observed rendom arrors iu the sesond

deoima) of the optical densitiss whioh Shay attribute partly to impuritiss in
the dialyser tubing.
2, Glass thread - Heoprens treated glass tying cord ECe2N, 1/32% wes obtained
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from Insulation Menufecturers Uorporation, Chlcago. This wes used t0 tie the
me jority of the dislysis sacks,

3, Adsorption of dye on membranss - To eliminate any errors due %o adsorption
atmmﬁacumﬁumung,amtmmtmwmmatarmmcw
centration. Thwse differed from the aforementionsd units in shat the eontrol
contained buffer, bhut no protein or PP, iuside ths asck, A% equilibriwa the
amount of dye inside and outsids was found to be eguivalent $o the Stoal
amount of dye put jnitfally on the cutaids of the bag. Thus, it wes indi-
cated thas very 1ittle or no dye was absorbed or bound to the dialyser subing.
This was interesting in mta‘mmawmaWhu
(1981)« Using sollodion Subing, larzge quantities of EPB were found to be
adsorbed at low pH walues. Increasing the i decrensed the smount of dound
dyss Denitratfion of ccllodion or the utilization of cellophane membranes
deoreased the adsorption of BPP.

A gquestion arises as to the ampunt of protein or FYP that was ade
sorbed on the celluloss surfaos. Nor the former, at least, it can be stated
the interaction studies with bovins serum albumin and methyl orengs using
equilibrium dislysis, elsctrophoresis, and spestrophotometry have yielded
sinilar date imdioating that aldumin adsowption may de a megligible feator
(Smith and Brigss, 1950).

4. Gpectrophotometry - u) Solution Avalymis

A Colaman Universal Spectrophotomster Model 14 was used for most
dye amalyses, 3tandard curves ware cbtained by comstrusting a plot of optisal
density as & funetion of dye molarity in a bLuffer of specified pH and ifomnte
strength. The Beckman Speetrophotcameter liodel DU wes also employed in sertain
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isolated experiments. BEPB was asalyzed st its adsorption maximsn 555 ma, In
8ll cases, 1% was asoertsined that the different dye molecules were not modl-
fisd in the buffer solutions from the time of reorystallisation to that of
analysis.

®) Asadysis of Material on Filter Paper Strips

For the analysis of dye on filter paper strips obteined es & resuls
of ionographis studies assosisted with the investigasion of binding meshane
iems, an subomatie sosnuning resopdsr was used. The specific scanner ssployed
was that manufeotured by W. M. Welah Co., Chioage, Illincis. A photograph of
tiais isstrument L8 shown by Urbin {1984). The deseription of the spparatus
that follows, is essentially that as given by Urdin (1954) and MeDomsld et. ald
{1956}« The instrument is composed of six main Gomponents: (1) a Bausoh and
Lonb grating menoshromator; (2) the Weloh blue sensitive photoslsotris probe;
(3) a Weleh enginvered motor driven feed system mads to accommodete filter
paper strips; (4) a Weleh Densichren amplifying wnit; (65) a logaritimis eme
plifier; (6) s Brom Klsotrontk strip chart recsorder,

A desoription of the ewventa ocesurring in the utilization of the ape
paratus is us follows: When a paper sirip sontaining o lizht-absorbing materw
ial is pressated to the exi% slit of the momochremator, the amount of light
transmitted to the photoelectric tude through the paper s a logarithmie
funotion of the oomeemtration of Jight absorbing matersal on the payer, ail
other variables being held eonstant, %his current, varying as an exponsnsial
funstion of the smount of material on the papsy, is amplifisd with fidelity
and fed t0 an slsotrical e¢ircuit, the logerithmie converter, shich in eesense
takes the logaritimio valus of the light entering the phototube aund feeds the




29
*linesrized” aignal into 10 mellivelt yange Minneapel:s«Bonsywell Brown Elece
tronik strip chart yecordsy, Thus, a tracing can be sbtained such that the
ares under the various portioens of the curve is directly preporticnal both te
the quantity of material on the correspending section of the lemogran and to
the area over which the material is spread. Henve, regardless of the geometry
of the trmacing fyom the strip chart yecsorder, by aismply ascertaining the ares
under the curve (compensating pelar planimster Eeuffel and Esser Coe No. 803,
was found apprepriate) & direct messure of the absolute amount of material on
the paver is obtained. This holds paevided the results can de stundepdised in
terss of a known quantity of the material under investigation.

The wain features of the lonographic tecmique which was employed
for all wobility and fysotionation determinations hae been desoribed in vari-
ous papers (MeDonald, 1952; Marbach, 19523 Urbin, 1952). However, for purposes|
of clarity in this dissertation, 1% ie appropriate to desoribe the imstrmment
in scae deteil herw. The pertdeulsr lonograph ueed in this invesiigation wes
sanufastured by the Precisson Botentdfic Company, Uhioago.

The principsl components of the imstruent ineludes

1. A resovable frams eonstructed 4o bold up to seven filter peper
sirips wnder the proper tension and permitting waristion of the styip length.
The fyame is fitted with a bull's cye sprit level ard lowsling sorews. This
along with the leveling sarews in the base of the sapparstus aid in obtaining
horizontality of the strips. This is an fmportant sanipulation to be coneiw
dered vhen mebility determinations aye attempted,
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2« Two mr veasels iato wideh the filler peper etrips 4ip.

8. Two elestrode vessels sumbtaining the oleotrodss and eormedted
by ager-salt bridges to the Duffer wossels.

4. A line-operated treansformer-ysutifier abls to produce a direst
surrent with any potentiel up to 3000 wolte and equippsd with a Wuflbein
mnilliszmeter and voltumter,

B¢ A% the rear of the imstrument an inlet and outlet to allow
ciroulation of a fluld through the double~malled chambers snd cover saabling
a ocustant tempsrature to de mmintained throughout the eourse of an sxperiment,

&, Hose conneotions %0 the shambor so that a water-saturated atmos»
phere mey be introduced, Dus $0 the low moleoular weight of Leliwm, 1t fs an
oxsellent ocondustor of heat and Sherefore aids in 4dlssipating the heat dee

veloped in the strips. ZHEveporation of water from the buffer &8 thereby minie
miged.
b) Qenere) rrovedure

A fow statemnts on e genmeral procedure will be mads before the
spesific modifieations utilized with PYP will be diacuwsesed. The bufler and
electrode vessels are filled with the buffer solution.

The filter paper strips in the freme are saturated with the Wufler

by means of a2 pipetts and the exvess solution is allowed to drain off by
holding %he frome at an angle, The strips whioh in all ceses are farbty-eight
t0 1My contimatera in length are pulled taut and made to approash the horw
izontal, Water at a definite temperature is oireulated through the double-
walled cover and shamber by mesns of a motor-driven pump.

A mmnll bore siphon tubs weas maintained in posftion during the
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axperiment to hold comstant the liguid level in the baffer trough Lims ebvie
ating differences in hydrestatic pressure that could sause chromstographie
movenent of Yguid through®e styips.

Ho aquilibrius vesssls,i.e., the so ozlled "fosdere" ware used to
add buffer to various points on the length of the strips (MeDonald, 1952).
1t w8 found that under the sxperismental conditions used, the water evapora-
tion was asctually small and the addition of these foeders vas WMECONENIY .

After the filter paror strips were sstursted with buffer solutien,
the &Mm was intyoduwed and the desired nodantial gradisnt was applisd,
Thase eonditiona were mmintained for one to two houre before the migrant was
added to the strips. Thess ferotors were observed to develop equiliberiunm
conditdons in the chamber and aided in obtaining mobilitioes that were dupii-
catable,

The migrant was then applied by memns of & micropipet as & thin
styeak scross sach strip en a2 previously penciled-in line nidesy betmsen the
ends of the strip. The lonograph was then allowed toyun for an appropriate
length of time to obtain sstisfactory distanpe of migrant movement, The
ionogrems, that 1s, the filtep paer sirips containing the migrint, are re-
moved from the lonogmph and dried either in the oven at 100 degrees Centie
M for five minutes or in a jet of warm air.

The color test used to locate the PVP on the atrip imwvelved the use
of Lugel's solution (five groms isdine end ten grams petassium fodide in one
undred milliliters of water)s The strips were diyped intc this resgent and
subsequantly washed with tep water uhtdl the migrent appesred as a yeolloww
brown field against the blulsh backpround of the rest of thestrip. Thess




fonogyenms wers then 6:%:1 at room btemparature to prolong the color retentiom
of the PVF jodine complex, snd the migran’ movement was obtaiped dirsotly.

The peoteine were identified with the conventional brompherol blue
reagent (1% dye dissolved in 95 sthanol which is saturated with merouric
chloride).
¢) Speoifie Frosdure for Intersction Syudies

Subsequent to the equilibeiuvm dialysis studies two lonoyraphie
methods have been developed for cbiaining qualitative and quantitative evie
dence of interactions. These procedures have besn deacribed previously by
Spitaer and HoDonale (195h) (1955)« The first lonographic precess used a 2e15
lsnbda portion of migrants of either BFA~BPE or PYP-BFB systess obtained during]
the conrss of equilibrium dialysis studies. Other mixtures of known gompoe
sitions were likewiSe utilised, The aigrants were Placed on filter pepor
strips which had been previously moistened with the buffer solutisn. After
passage of ouwrrent for s pericd lonpg encugh to seperate some of the fastare
moving BPE but short enough to rotain some of the squilibrium mixture, the

strips were dried and subjected to & direct spectrophotometris analysis in
the previously desoribed Yelch Automstic sesnmning recorder.

The second method consisted of introducing BPB inte the buffer soluw
tion and then adding BPA or PUP as migrect. The sobility of both migyenis
had been previously determined in the same buffe: solution with the exception
that the dye had been omitted. The compounds, in the pressuce of the &e,
possesped mobllities charscteristic of the oomplexes.
d) Agid-Bame Equilibrdd

In oonjunetion with the constituent mobility determinations described




in the previous seoti'm, 1t seemed appropriate to invesiigate further \ﬁw
poseibility of acidebase resotions oscwurring, following application of the mi-
grant to the molstened filter paper strip. Two experinments were devised to
clarify the situation,

le A buffer of sodium veromal (either Mallinekrodt U.8.F. powder or
Hallinekrodt U.3.F. XIV pondor) ard sold distlylbarbituric (Merck U.5.P.)
ware forwulated into a & T 0,02, pH 8.6 buffer which was 5 x 10°UN with respect]
to bromshens) blue. Three migrent solutions were made (0.1 M KU1, 0.1 ¥ XOH,
G.1 HC1) and added to the moistened (with the veronal buffer with BPB) filter
paper strips (B & D #613). The migretion was carried out for 10 minutes st
e potential gredient of § volts/am. at & temperaiure of 1°C.

2. A similar veronal buffer was prepared but metacrescl purple (me
cresolsulfonphthalein) was substituted for BPS. The dye corncentretion was
3‘93 per liter in veronsl buffer of pH 8.6 and ionic styength of 0,02, Here-
jaftery the symbol MCP will be used t¢ represent this dye. The following migrenty
wore added to the strips following squilibration with lonographs

veronal buffer, pH 8.6, 0,028
Potassium chloride, 0.5
Rydroohloric meid, O.5K

Sodiva chloride, O.5¥

Ritrie acic, O.5N

Sodium nitrate, O,5H

Sodium hydroxide, D.24

Potassing hydroxide, 0.65%
Sulfuric acid, 0.5N |




Phosphoric acid, O.5N

Bodium veronal, 0.9

Lactie acid, O.58

Disodinm phusphate (heptahydrate), 0.5

Nonosodium phosphate (monohyirate), 0.5

Usually, 2l lamdes of the solutions were employed,

SIBARY OF ®XPERTIENTAL

A desoription has been given of the materials, spparatus, and pro-
cedures employed in this investigaiion. Certain aspects will be discussed in
{iner detail in later chaptere and in the tables found at the end of the

didsortation,




CHAPTER IIL
TITRATIONS CF DIALYZED AND UHDIALYZED PVFP PREPARATIONS

Brief Rscapitulation of Experimental Conditioms

8ix different FYP solutiona (FVP-U30, PVPUS0, PVP-UY0, PYPDB0,
PYP=D60, and PYP«DI0) ware titrated under eonditions descrided previously ia
the experimental sestion of this dissertation. Esch FVP preparation was gome
pounded to comtain 56 mg % of PYP nitrogen. The titrations were earrisd out
to maintain an spproximately constant fonic strength (0.05). Aqueous solue
tions were prepared from water which had been redistilled in an all-pPyrex
atill {PVP~UB0, FYP-U60, FVP-US
FVP dialymed samples, of prastical mecessity, contained ayproximately 25%
nonePyrex 4istilled water.

A point by point discussion of the results is inoluded as follows:

(1) Typieal initial pH measurements after prolonged (30 ndine) pas~
aage of helium through 50 ml. of und$alyzed FVP semples sre

s and 0,05 M sodiun chlorids solutions). m

FVp-US0 P delledod
PYP-U60 46
FVP-U90 P 4uBwdyO

Lrmarently there ware more acidic componsnts and/or components of stromger
acidity in the lower molecular weight preparations, -

(2) Similar measurements on &lalyzed PVP preparations indicated
that they bebaved as 4Aid the aquecus 7.08 M sodium chloride solutions, That
fa, prior %o the eddition of acld or base, the pH rose from about 6.6 to
higher than 7 during the passage of hellum,

55




<

>
|

T
o -
<
Z
3l PVP ~U30
2
o
o F PVP-UG0
(73]
i
|_z 0.05 M NACL
3
0L
—
=2

FIGURE 1
RAY TITRATION CURVES OF UNDIALYZED POLYVINYLPYRROL~

<

IDONE AND Q.085M SODTUM CHLORIIE SOLUTIONS




(3} rigure 1 represents rew titration curves constructed from
typical titration data (Tedbles IX, X, XI, ané XII} using undialysed prepave~
$ions, While the largest differcnce betwsen a given PYP arcple (PVP-USO) and
the 0,05 K sodium chloride ocurve acunts only to about 1.0 .de of 0,01 ¥ base, |
the differonce is real and reproducible.

{4) To demonstrate xwre ¢learly the effect of the PYP solutions
on the hydrogen fon soncentration of the mediun, differential titretion ourves
have been sssembled in Figure 2, Ths curves wers prepared by subtresting
the aumber of ml, of 0,01 ¥ bass required to reash a given pH {n the adeence
of VP from the mle of bass required in the presente of FVP. Thus, a plot
of mle of base as & fundtion of pH was propared for the three undialymed
PVP preparations,

{5} The shape of the ourves in Figure 2 suggests that thers are at
lesst two different lonizabls groups in each FVP preparation. From 8 visua)
inapsotion of the FVP-UB0 Sitration ourve it apmm. that there sxisis a px
nsar 443 and another near 10, The Jatter valus was not exactly located due
to the basic pH limits of the titration studies, Deosuse of the amsll quan-
tities of bDase that were used, it was more difficult to estimate tha pk'a of
the other two FVP preparstions, However, analagous trends were evident from
inapection of their inorement curves,

(6) From a pH of about 6,0 %0 8,5 thore exists a minimum of groups
thet fonise in the three proparations. (In sulwequent eguilibrium dislysis
studies a pH of 7.5 was utflized,) The possible presence of dissolved ¢arbon
dioxide to cause this amall progressive rise in ths smount of bound base must
ba eonaidered. The solutions were preparsd and titrated under sonditions to
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Mnuia ell conditions identical. Thereo would be esxpected tc be similar
quantities of carbon dioxide in all sanples. It must be emphasized thet
the grestest elops, in the afaresentionsd pH rangs, was always assceiated
#ith the lower molscular weight apecies mn the three differential titration
curves were W&. It is probable, therefore, that the curves are truly
1lluatrative and characteristic of the three (PVP-US0, PVP-UG0, PYRWUI0)
preparations whother a functlon of the polymer, impurities, or both, (Mechan-
foal d1ffisulties were found in attempts to Gomatrust the differential S$itre~
tion curves through the extrems basie range of the studies, sspocially for
the PYP-US0 surve. This was mainly a result of the few fonimebls groups that
mere present in this memple.)

(?) The three dialysed sanmples (W, FYP=DEQ, PVP«DI0) ware
also titrated and compared to a titration of a 0,05 ¥ sodiwn ehloride solu~
tion. (See data in Tables XIXI, XIV, XV, end XVI),. &mu_um in the rew
titration curve of one sample (PVP~D30) from that of the salt solution is
exhibited in Figure 3, (This 1s ths maximm shift to be sexpeoted,) While
this basic shift was always evidsnt, the amount was 508 reprodusible and mo
order sequente seemed to odcur om camparison of the three samples, The pren~
enoce of small amounts of Lrpurities from the cellulose dialymsr tubing or the
existonce of IVP deaamposition products may be the cause of this shift., In
sny event, it was definitely m‘t&f\abh that the titration curves charage
teristio of the undfalymed material ware eliminated.

It was subssquently demonstrated that exheustive dialyais 414 not
abolish $he affinity of PVF for bromphenol blue. In different experimonts,

& micro~Xjeldabl analysis of various dialyszates indicated the psssage of
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altrogenous eomponents through the membrene. Lugol's reagent was used to
demcnstrate the probable sxistencs of dialyzable VP,

(8) Because of tha moleculsar heterogesnaiiy of the undialyzed poly~
mers and of the unknown heterogsmeity of the resultant realdual moleculss
after dialysis, it md illogleal o present a typleal greph representing
a plot of moles of base or hydrogen ions combined with one mole of PYP, verw
sus pH. However, at a i of about 9,5 (PVP«U30), about 0,01 meq. of base was
bound as a result of B9 mg FVP nitrogen, or about 0,008 eq. of base per mole
PYP nitrogen. It must bo emphasizsd that this s not & sharacteriatic des-
eription of a property of PYP, sinvce the {cnizable species appears $o be o
sociated with the emsll meleoular PYP species, a dialyzable tmpurity, or both.

A Giscussion on the relation of $he titraticn curves %o the Mnding
ability of PYP will be occtisidered in Chaptor V.

|
|




CHAPTER IV

IONOOBAPHIC INTERACTION STUDIES

AgideBase Equilibria

The experiments of Foth and Kalles (1953)(1953) have siresdy been
eonsidered. In easence, they studied the constituent mebility of sibwmin in
the presence of amido blaock 0B, axorubin S, and naphthel yellow. Thedr ob-
servation of a white sone which preceded or followed the movement of albuamin,
was interppwted on the basis of the formation of an albuminedye somplex.

Howsver, the possibilily apreared to exist that the explanation was

dependent or pnrt:i;y' assoclated with the effects of other phenvsena, namely,
that of acid-base equilibria and/or dilutiom processes, and/er bufferefon
equilibrisz. For thess veasons, two axperiments were devised te elucidate the
mechanizms of sizdlar interaction studiss. In the first experiment, three mli-
grant solutions were prepared (0.1 ¥ potassium chloride, 0.1 ¥ potassium hy-
droxide, 0.1 M hydrochloric acid) and added to the moistensd (with veronal
buffes, donic strength 0,02, pll 86, and § x 107, with respect of BPE) file
ter papoy strips. After migration, various sones wers obeerved on the styipe.
(See Pigure L for a schematic representation of typicsl ilonograms)s It was
evident that electromigration of acide, bascs, and salts in this dyesbuffer
mediug was not a simple process.

The second experiment utilized sinmilar experimental sonditiens with
the exception that metacresel purvle was substituted for BFB (3.53 UCP/L tufw
fer). A photograph of typical Jonegrams ie demonstrated in Figure 5. It is
with this second oasze that the eﬁe&m@m will begine MNetacresol purple
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exhibits two color changea: acid range, l.2«-2.8, redeysllow; alkaline range,

7.,6«9,2, yvellow purple. Frior to migveation but subsequent $o application,

the migrants exhibited characteriastic colors on the purple colored sirips:
hydrochlorie, sulfurie, nitric, and phosphoric aeids created red zonesj lade
~i¢ acdd and sodiuwm dihydrogon phoaphate possessed yellow zones; water, vere
oaal buffer, sodium chloride, potassium chloride, and sodium nitrate had greye
ish zones; sodium hydroxide, potessium hydroxide, sodium veronal, and die
sodtun hydrogen phosphate exhibited dark blue or dark purple somes, In view
of the approximate pi*s of KCP, and of concentrations and of the migrants,
these cclored mones are to be expedted. The appearance of 8 colorlass ‘Tone on
applicetion of neutral) salts, veronal bulffer, and water to the strips was pro-
bably indiecntive of & simple dilution effect by & meghanical displacement of
the dye solution by thase migrants. At the pertmetera of the strongly acidie
zones (Le0., hysrochlorisc, sulfuris, nltﬂe and phosphoric agid apots) a yele
low color was seen to develop from the red nutleuss This "alksline shift»

may undoubitedly be attributed to the bduffer sction of the wveronalesodfum werw
onal systan and aided by diffusion processes within the migrent volume,

During the first fow minutes of electromigration, there were solor
changes that may be desoribed as deing both rapid and pronounced. After ap-
proximately 10-15 minutes of migretion at § volte/cnm, the visusl changea bew
came less repid and each strip achieved a churesterisiic pattern.

Gasis zones {pH 9 or thereabouta, identified by a dark purple or
dark blue band) were found to migrate to the negative pole when sodium hyw
droxide, potassium hydroxide, sodium acetats, sodium chloride, sodium vercnal,
sodium nitrate, potassium chloride, disodfum hydrogen phosphste, sodium die
hydrogen phosphate, and vercnal buffer were used as the migrent, The neutral
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salts, colid salts, and basio salts (exoept for sodium veronal) had & yellow
band that migreted to the positive poles The bases and sodium veronnl had a
white zone that migrated to the positive pole.

All the seidic migrants possessed a yellow band that migreted to
the positive poles |

A diascussion of these observations at the molecular level would be
extremely complionted bestuse of the necessity of introduocing rates and afe
finities of all the species involved in the various equilibria, An enumsration|
of the assooisted processss must inoludes

1) the relation of the pk or pK's, soncentration and type of
indicator to the type, quantity, concemtration, and acidity of the migrant,

2.) the relstion of the indioator and migrant to the buffer system
with regard to the pk, oonsentration, quantity, snd ocolor of all spocies,

3,) » consideyation of the rates end direotion of migretion of
all species,

4s) & consideration of the ratcs of diffusion of the migrating
species in & spevified mediume.

Bs) & coneideration of the rates of all resmotions that coour on
the strip both preceding and following elestromigration and diffusion.

6s) the possibility of comsentration gradients being the cause of
& given oolor some or the laek of onee

7s) ths possidility of an soidio zone (on the basis of indiontor
color in that sone) in reality being & basic sone that is temporarily "conw
fined" in exhibiting its properties by the buffering sction in the strip.
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It wes not the purpose of this disgsertation te thoroughly investi-

gate these phontmena. Hather, L% wes necessary to demonstrate, sxperimentally,
the existence of these complex equilibria and their possible relation to fofe
ographlic interasction studisa, That these Lfactors nay influence mobility dee
terminations and separatory processes nust Lo considared during the course of
any lonographis intersotion Invyestigation.

should a protein solution heving & different ifonic envivonment than
the dye~buffer on the strip be utilized as & uigrunt, it is evident thet the

presence of & coloyed ar colorless bund must not mecessarily ve counaidered o
be & result of dye-protein indexwotion,

Smith snd Brigees {1950) chose the {(methyl-orange){bovine sarum Blbuw

min) system for use in their froe solution electrophoretic inveetigations.

Primerily this was to ocompare thalr date with thet of Xlots {1940) sho studied
tho same system using an equilibrium dislysis technique. The formmer group
used an acetate Wulfer of pH U.6 of fonic strength 0.00. Xlotz used a 0,1 ¥
phosphate ouffer at PR 5,67, The nevalue and djssocoiation constant K 4n the
langmuir edsorption isotherm of the form:

d=Kru4d, were n ta the mutmm mumber of sites availadle for
binding; r is the everasge number of bound molecules per colloid moleculs; snd
(4) 1@ the concentration of interacting species, were found $o be in fair
agreemsnt. Smith and Briggs also performed equilibrium dislysis experiments
and found the aforementioned constants to agree quite satisfactovily with
those caloulated from electrophoretie data,
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In the presens study to ecapare the binding mechanisme of FVP and
soms plasme proteins it seemad logical to begin by uaing methyl-orange as the
small moleoule interacting species, and subsequently to compsrs the constants
with Smith, Briges, ond Klotz. 3Since data was to be guthered from both equiw
1ibrivm dfalysis and ionogrephic methods, {studies were not limited to omly
these methoda), an attempt was made to initiate the work by amslysing "known*
BPA=il0 complex mysbems with the laster technique.

2 & D #613 filter paper strips ware moistensd with acetate buffer
at pH 5.5 of fonie strenmgth 0,06, Two o five lambdas of BPA-MC migremt mixe
ture (3,0 x 10™¥ i with erystallised EPA in the acstate uffer) weve added as
a streak scross the stabiliser. ilso, pure HC in acetate buffer was used to
obtain mobility data om this compound,

Howsver, 1% was at once svident that 1O adsorbed on the filter
papers Its movement was s0 hindered thet the ealoulation of a mobility wes
not possible. The 4ye migrvated to the peaitive pole bLut an appreciabls quane
$ity romained at the origin,

It was also apparent that when the complex mixture was utilized eas
thiy migrant, the methyl-orange moved a greated distance than shen only the dye
was used, (The protein alse moved to the positive pole as determined by &ife
ferential staining with the brargphenol blus reeagent)s Thus, Shere wes a
qualitative indication that a complex was formed. It might be comsidered
that there was competition for MO betwsen slbunin moledules and sites on the
filter paper. Smith and Brigge found the albumin t¢ migrate with a mobility
(approximately 2.7 x 10°° om.%/volt.sec.) slower than that of methyl-crangs
(«10480 % 20™% om,?/vadt.sess)e
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The ionogrephic studies indicated that the albwsin moved faater than
the dys; probably se a result of filter paper -~ MO interaction. Conssquently,
1t wan desided to Aiscontinus fonogrephic studfes with this systen,

Certainly all interaction data obtained from ifonogrephic experiments
is suspect, and subject So oriticlam on the basis of this dye«~filter paper
adsorption factors Possibly the EPA-MO system sculd be more agcurately
studied using a different stabiliver.

THE BROMPHENCI, BIUE-BOVIRE PLASHA ALBUMIN SYSTEM

Similar experiments wers assembled to investigate tho EPA-IFR sys«
Yem, The buffer utilized was the sodium veromalevercmal buffer of pif 8.6
(285%) and fonic strengih 0.02. The temperature was maintained at 3°C during
eleotramigration., Helium was used to minimize evaporation frem the £ & D
#615 filter paper strips. . potential gradient between 2.4 to 8.8 volts/em.
was mmmm during the electroamigration time of 6 to 12 hours. Freparation
of & complex system was carried out to creste & salution 2,73 x 3107° li\ with
respeat to albumin and 13.65 x 10°% 1 with respect tO0 HPB in the buffer. It
was found that the aystem was guickly seporabls, Using amall migrent volumes
(of the order of 3.5 lambdas) the entire somplex dissvoieted into pure HPB and
EPA. Possibly it is superfluous to indicete that there exists an inverse
relationahiy between the rate of entire complex resoluticm and the migrant
volume employed or the area an the filter paper whioh 1t spresad subsequent to
application but prior to migration,

4 point by point oritiqus of the experiment follows:

(1.} The D/B-BPA system was not a simple physical mixture, Define

ite interaction had been demonstrated to ocour on the basis of two sxperiments:
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equilibriun dialysis studies on the seme system under similar conditions
{Chapter V), and a speotrophotametric atudy demonstrating & shift to & higher
adbsorption maximum on the addition of protein to the dye solution (Figure 6).

{2.) the reaction:
BEA + wmkrwm + EPBy)

most closely resembles cass 5 {Longsworth and Maclwnes, 1942) (also ses Chape
ter II, Experimental) in whioch ke and k, are both Jarge and of the sams order
of magaitude and both greater than the rate of ionogrephic separation. The
oquilibriuws is adjusted as rapidly as reguired by the elestrophoretis separse
tion of the constituenta, The interaction of vovins serun albtamin and methyl-
orange {Smith and Briggs 1960) anmd bovine serum albumim end chloride fom {Alw
berty and Marvin, 1950} also are repressntative of case O. Should k., be lesa
‘than the rate of elsctrophorotic ssparation, it would be possible to isolate
the complex assuming its mobility would de different emough to separats out
the reactants. This was found not to be the ocase with the DPA~BPB aystem,

{3«) Thers appeared to be mo absarption problem betwsen the dye
and r£ilter paper. However, & slight trailing of albumin war noticed.

{4«) DBoth BPA and BEPFBE possess nat negative charges in this duffer
system.

{5+) The mobilities of the dye obtained from the dissoctation of
the complex and that of "pure™ dys appeared to be identical within experimen~
tal errox. This is alsc the case for the protein mobility oddained from
dissociated protein from the complex when compered to the mobility of “pure”

protein, (See Tabls VI). This is to be expooted since almost Lrmsdiately the
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TARE VI

HOBILITY OF PURY a0l SRFANATED ERONPHEROL
BLUE AND BV I PLASMA ALBIMIN

(Wﬁ‘m.. x 105)

BOVINE WLASMA ALBGUIN
Prave® migrants «3e9 & 0a3 «6s3 & 003
migrants disacoliated  whed § Oud «6.8 & 0s8
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resctanis began Yo separate with thelr "pure” mobility.

{6s) In Figwre 7 i3 found a plot of migrent movement (mm./velt/em,)
as & function of migration time, The walues (Table VI) that repressnt the BFB
curve have been cbtained from "pure" and "separated® BIB determinations. The
EBFA ourve has besn oonstructed from data obtained in a similar fashion using
albuzin as the migrants The two linear relationships justify the utilizstion
of the term mobllity to deseribe the slectramigration velocities of KBB and
BEA under the specified gonditicns,

(7«) Equilibvriws dialysis experiments were devissd %o prepare and
analysze the BrBeBPA syetem. the revaluss were caloulated (i.e., the average
munber of EPB moleculss bound to ome BFA molecule) and the various prepara-
tions (x-B 3,00, 2,82 etc., ses Table XIIX) were used as 3 lambda mizrants.
A1) preparations were found to be quickly dissociable on the basis of fono-
graphic reaviution aceompanied by visual inspeotion and recorder anslysis of
the fonograns.

(8s) S4milsr equilibrium dialysis studles on the PYPeIPE asystem
were used to caloulate »-velues (i.0., total moles of PVP nitrogen, see Table
XKL)e The componenta of all samples of this system were found to be scomplete-
1y ssparable. Only pure BPB and pure FVF wers found after resoclution {phose
‘phate buffex, pHl 7.4, 0.05 ¥ with respect to phosphates), The system Wshaved
very similarly to the IPE=EPA system, PVP moved slightly to the negative
pole, probably by electrocsmosis, (Spitzer, 1983),

The domplex spaten was no% & siuple mixture. Doth equiltbrium
dlalyeis studies (Chapber V) and spectrophotometry (Figure 8, Teble XVIII)
indfcated a definite association, In the latter case there wus evident &
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shift to & bigher absorption meximum as FVP msa added to o buffered EFB solu~
tions This was demonstrable with FVP

and FVP-D90 polymer preparations.

of_EPA~BPB and PVP-BFB Interastion

Asymmotrie Automatio Soanmner Pattern

It has been stated that the BRA-BFB system may be gulcekly and come
pletely dissociated by means of ionography. Rate of resclutiom of complexes
of this type is dependent om a number of lactors:

1.} the net charze on HPA, EPB and the varicus complomes.

2.} the guantity and concentration of the complexes.

3.} the rates of dissociation of the sumpisxes,

44) the potentisl gredisnt scrvss the equilibrium eystem.

B4} the initial migrant volume and the volume ghrough shioh the
nigrant had spread on applieation to the moistensd filter paper.

$inos smal) migrant volumes had been previcusly used (2 to 3.5
W) to obtain a awift dissoeaticn of the complex system, it was decided
to smploy large migrant volumes (5 to 10 lambdss) to further study the BPA-BPB
system, Thare are two immediste meaulis of this manipulation; f£irst, the
total quantity of complex on the rilter paper is increased, and second, the
time noeded for complste resclution of sll componsutas would be incrsused.

A ourrent wes passed far a wﬂoﬂ sufficient to separate some but
not all EFE from EPA. At an appropriate tims, the strips were quiokly dried
and placed in completely closed vessels prior to subsequent analysis wiih the
asutomatioc scamer. 4in asymmetric pattern could be demonstrated (Figure 9i),




FIGURE S

PHOTOGRAPHS OF AUTOMATIC SCANNSR PATTERNES SUBSEQUSAT TO IHE MIGRATION OF THE BPB-BPA SYSTEX (a),
AW PURE BPB (B ), THE RESCECTIVE IONOGRAMS ARE BEN:ATH THB PATTERNS .

POSITIVE PCLE I8 AT LEFP.

(A 1light blue sone to the right of pronounced sone in lonogram (A.) is not discernible). ’
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after analysis at 585 mu. By a differentisl staining technique, localization
of the protein zone was accomplished {zone was conmposed of separated protein
and protein that was previously iz equilibrium with 5PB), 4 1% BPB in othune
al, saturated with mercuric chloride, was used to stain the proteins. (Any
protein staining procedure would suffice.)

The same strip wes again eudjected to analysis (585 mm) in the
recorder and the resultant curve was superinposed against the Initial ssym~
metric patterns,

4 point Ly point critique om the experimental prooedure and the
signiricance of the experiment followss

1,) w%ithin limits, the varicble vavelength sutometic scanner cen
bo used to obtain & plot of optiecal density ae & function of migration dis-
tance {1.6., & plot of optical density as & fumction of filter paper length,
or & plot of aigrent gquaniity as e function of migration distence) (Urbin,
1954}« #hen the quantity of migrent per unit area of filter paper exceeds &
quentity (dependent on migrant type, filter paper, ete.) the observed optical
density is related to migrant quantity Ly & nonslinear function,

2+) Optical denaity messurammts as & funciion of wavelsngth have
been assembled in Table XIX, for both "pure dye" and dye in the enviromment
of BPA. The absorption maxime appesar %o bs both near 560 »u using the sutow
mstic soanner. A8 mentioned previcusly, the addition of protein to a EFB
solution czused & shift in the absorption maximum from about B85 to 600 mu.
‘m edsorption of dye on the filter papsr precludss an ahwim sonparison of
the two spectrophotomstric techniques, Nevertheless, all foncgrons were
analyzed at 585 mu,
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3.) Uaingkwim volumes (1 to 10 lambdas) of & x 10™¥ ¥ BPFB in
veromal buffer, as the migrant, there were obtained relatively symmetrioal
petterns when the lonograms were analyzed with the recorder (Figure 9B)e This
was algo true of patterns obtained after migration of BPB alone (negleoting
the quantity of protein that trailed behind the meus of the material).

44) Figure 10 ghows an asymmetyic pattern obteined after the pas-
saps of the ourrent for & poriod sufficient to soparate some but not all BPB
from BPA. The seme figure shows a typical pattern obtained after differential
staining of the proteins The two patterns have bwen supsrimposed to illuse
trate the location of BPB (separsted, free in presence of albumin, snd bound
to albumin with respect to BPA, The icnogream has been placed below the pate
tern to further olarify the pertinent relationships.

6¢) The relation of these iomographio studies to mnalagous intere
action studies using the moving boundary method &s illustrated echemmtionlly
in Figure 1l.

fs) Representetion of either Tiselius Cell (Uwtube visuslized es
| norszontal) or of lomogrem prior to migration of equilibrium ccmponsntse The
nigrant zone is composed of buffer; free anion, (BPB), represented as Aj and
& sories of protein complexes PAj from £ S0 to 1 = n, all in equilibtwrium with
one another. At pH 646 the equilibrium components are all negatively charged.

be) A graphie representation of the concentration of any intere
estion speoies (except buffer iocns) as e funetion of location in Ustube or in
filter peper (differential diffusion or chromatographic effects assumed to be
non-exisicui). Componsuts ere visualized prior to migretion,

ce) Initial sohlieren pattern demonstrating a plot of refractive
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index gredient as a funotien of losation in the U«tube,

de) vepresentation of sither Tiselius cell or of fonegrw Tollosing

eleotrosigration for a period sufficlent to ssparate some of the anjon from
the equilibrium system but not all anion.

e.) Final schliersn pattern (Smith amd Brigss, 1990).

fe) Schematic final recordar patiemns.

Smith and Brigge (1990} snd Colvin and Briggs (1952) have discuused
and desc-ibed moving boundary experimsnts and equations relating %o the bovine

seyvum album n-msthyl orange squiliirias Reference to Figure 11E will indicste
that the fastest moving boundary (ascending amm) corresponds to the sigratien
of the separated free dysetuff, That is, vhen the current is sllowd o

flow throughthe eell, the free dye in this arm moves out ahead of the slowey
moving wlwm and travels up the tube with a charscteristic mobility. This
boundary is followed by one which migyntes with the constituent mobility of
the protein., The next boundary groceeding from right to left is the stationary
delia @alt boundary. The fourth boundasy, W, oconforms to the coostituent moe
bility of the anion dye. Ths mobilily of albumin wmay be caleuluted by using
the fifih boundary epsilon sal$ bourxlerye With certain assumptions and equa~
tions these workers were sble to culounlate ry, n, and k in the Laengmmir ade
sorpiion isotherm.

6+) These equations were applisd to deta obtgined frum ianography.

It was apparent that the isperfecticns intrinieic in the smoving-boundary equae
tione were additionally complicated by certsin factors inherent in isnogrsphy.
Foremost, was the method of amigrsnt applications In free soluiion, the slegw
trophoresis cell is oconstrucied in three sections which may be slid relative
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to one another, so that with adequate precautions, sharp boundaries are crented
and maintained prior to electromigration. The situation is not as simple and
aocurate with existing fonographic teshmiques; for the method of migrant ape
plication necessitates dilution of the complex mixture and exntip apreading
of the migrsnt solution. Basically, these factors did not permit quantifioa=
tion of this fonographic procedure.

- Te} GQuelitatively, this procedure asscciated with the demonstration
of an aaymmetric revorder pattern and the aforementioned diti‘uun“&ial staining
teomique was sdoquate to indicate:

a.) an interaction between BPA and BFB. Also between PVP and 5PB.

be) that the reaction betwesn BPA and BFB produced & complex pow

sessing a greater net negative charge thmn the protein; likewise the

reaction between PVP and BFE prodused a complex posesiing a greater

net nnggtivo charge than PVP,
Constituent Mobility Determinations

Another ilonographic procedure to demonstrate the formation of come
plexes involves the calculation of the constituent mobility of a given come
pounds (See Fxperimental, Chapter II)s B4, FVP or BPE complexes of these
compounds were employcd as migrents in BPi-buffer solutions. K21¢€rmmigm«
tion of PVP or BPA in this medium will be charscterigtic of their compleres.
Should thelir mobllities be different from those in non-3P3 buffers, an in-
dication of complexing is evident. ‘

Nobility measurements were obtained in phosphmte buffer (oH 7.4,
0,05 ¥) and in phos phate buffer (pH 7.4, 0.06 ¥, 1,785 x 10™° % with respect

to BPFB)s A summary of some values appears in Table VII.

S




T HE VI

KCOBILITIES OF PYP AND BPA IN PRESENGE AND
ABSENDS OF BROMPERNOL BluR

phaspinte ffer v hout dye
(Mobilittes in CUE/V.%e0. 1205)

BB 35

WP »2eb

BF3 5.8
rhosphate buffer with dye

BEA wiie?

WP w38

White Band wBely
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It appears svident that the I'B couplexes of WD and BE&‘ have a
greator net nogadive charge than the non-complexed speciea. Thal lsy the
mechaniom of binding of BPB to either PYP or BPA is such that an ircressed
negative charge iz added to the eolloidal species. (The convention Utilised

here in reportin: mouilitics is such thet the prefixy 4.0. + or =, referes to
the apparent cherge on the moleoule. OCaution 18 necesesry when obtaining the
chargs by ionography dus gainly to the results of elsctroosmosis, (See Spitser
1953, end Melonald and Spitzer 1993).

It was interesting to note the avpesrance of & white band that = ved

with & mobility greater than WP, BPA, snd BPB. JThis wone bad a similar wobilily
regardless of the large moleeular species thet was used. The possible explsene-
t&m{sfw this process have baan considered priviously.




CrAPTER ¥
BQUILIBRIUM DIALYSIS
Gensral Structural Comparisons Between Proteina and Folyviavlpyrrolidons

Thare are a numbsr of obviocus strustursl differences between the pre
telna and PVP which must be considered An & dsoussion of thelyr compsrative
binding abllities. Folyvinylpyrrolidone is a synthetie polymer, possibly of
identieal repeating wnite. (It smst be emphasized that the flonimable groups
o8 exhibited in the differential titration curves haeve not been exmetly lmmtd
on the PVP molecules.) The molscular weight deseription of PVP moleoules in
& spsoifled sample is dependent on the methods employed in the polymerisetion
provess. A given PVP preparation consists of a spectrum of melecular siszes
and, probably, moleculsr shapes.

From osmotic-pressure messurements on aqueous PYP solutions, number
average moleoular weights (M,) have been calculated,

In X, = Zg% ; (g)
2 ¥y
whore ¥, molecules of sctual moleculsr weight ¥ ars rresent in the semple.
Another method to deseribe the molseular hoteropensity invelves the
roe of viscosity to enable the wéight average molecular weight (ﬂ.) %0 be cale
cul ated,

I, My = zésﬁ% ()

where N, molecules of actusl molesular welght N are present.
The intriniie viscosity {n) is proportional to the weight average
66




nolecniar weight,

IIXe {(n) = Lt. ﬁspﬁi
¢ .a0
where Ny, 13 the speeific viscosity of a solution of sonsentration C grams

per 100 mly of solution,

Thrower and Campbell (1951) heve used the ratio of number avarege
molecular mights to weight average moleguler weights (more awiﬁcaliy. %
t0 ohtain an indtcation of the distribution of moleoular weights ia miw?
FVP preparations prior te blood plasma expender experiments: It wes stated
that the number of average moleoular weights are more sensitive to ths low
moletular weight molecules, and the weight aversge description is more sen-
sitive to the high molecular weight moleculea, |

As 8 yresult of ultro~gcentrifugal and viscomstris molecular weight
measurements, Scholtan 932) hes concluded that the molooules of PYP exist
as rendomly 1ixked chains encompassing “immobilized solvent”,

Hengstenbarg and Schuch (1952) have studied the molscular weight

distridbution of PVP samplis oy means of osmotie pressure and lighi scattering
toohnigues. With the dam of the former method in conjumction with the
assumption that the molecules exist in a random coiled form, the mean mole-
cular dimmeters wers caleulated to be 3604 for a molecular weight of 249,000
and 930a for 1,116,000, It was indicated that these values correspond %o
those caloulated for tightly soiled molecules,

Miller and Hams {1965) have applied the Svedberg equation to PVP to
describe the molecular weight distribution, The inacouracies inherent in the
characterization of the average molecular weights by means of a aingle relae
tive viscosity coefficient of the Fikentaoher Kevalue type was emphasized.
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{See Ohapter II for the Kevalues aseribed to the thres FVF samples wsed in

this dissertation},.
Studies of these types gonerally need not be cunsideored in protein

interaction investigations since a given proteia may be theoretically assigned |

& wmim molecular weight, (Cbviocualy, this 1s dependdmt on the procedure
devised to determine the molsculer weights The purity of the protein sxtract
is an important point, In these studies the purity of BPA and BPGO was dansd
on elegtrophoretis studies, ilso, the moleoular whight desoription of a HFR
sample iz mot a simpls matter).

It is ovident that provein Interaction studies are depmudent om &
knowledge of primary structures {amino acid configuration end sequences),
secondary atructures . (intremoleculsr ssscoiations), and Sertiary atrustures
{ intermolecular associations), Admittedly, the effects of the latter two
types of structures a binding, are, at pressnt, unclear.

FVP interection studies must be interpreted on a description of
molecular heteroganoity and the repesting umit, vinyipyrrolidone, The fmporte
ange of other groups not represented in the assumed structure must also be
recomsiled with binding data.

The time necessary to attain equilibrium in the dialysis cells, for
s definite aystem, mus dependent on a mumber of factors (rate of shaking,
length of time required to prepave the cells at roum temperature, otc,) thet
nesd not be considered bere, Suffioe it to state that mhnysm were in
aquilibrium mrm' to analyais, {(ses Chapter II for desails).

Adsorption of BPFB on the membrangs was found not to osour throughout
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all equilibrium &iamis experiments, (See Tables XXXX and XXIV for typical
date).

4 system by system disoussion of ell studies is included as followm:

1) BPA=BFB; Vercmal buffer, pH 8.6, ionio stremgth 0,05 4°C;

04%% Bird,

Binding appeared to be statistical throughont the entirve (BFB) free
limits, That is, the sites {probably similar grouns) possessed similer ine
trinsic affinities for EPB, An electrostatic facior was not svidens,

The data (Tebls XXII) is represented in a typioal binding ourve
(Pigure 13) in shich the reveluss (MAMEEDBOND BER.
function of the logarithm of Lree (EPE) in oquﬂibrmm with the ¢omplemes.

A sigmoid curve is noted with an indfcation that the protein has its eites
saturated (3 sites) when (BFB) free fs mear 1 x 10™ W, It should be stated
that any r~value {exslusive of the saturation valus) s an average value, and
may have a fractiomal unit. This 4s an implicit concept in multiple equilie
bria eguations that utilize revelues in such a menner.

The logurithm funotion of (BPB) free is not fmportant, Rathew, {%
enables the binding data to bé presented over a largs concentraticm W»

Binding owrves of this and similar forms do not usuvally indicats &
saturation point, CGensrally, recourse to sams cxtmpo:.atim teshnique is
nesded, Figure 13 illustrates one of the most common methods to obtain pere
tinent porameters should the binding be atatistical, (See Table XXIXI}.
mné is utilized as a function of « where (4} free represents the

A)free,
concentration of free interaoting species in equilibriunm with protein ocomplexes
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FIGURE 13
VALIDITY OF STATISTICAL BINDING OF THE
BPB-BPA SYSTEM. (SEE TABLES XXII and XXIII.)
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of the type ¥Ay (1 « 1 to n), a straight line would result if the binding is

statistical, The intervept on the ordinate 15'%. The intrinsie binding cone
stant, k, may be cslculated from @ knowledge of both n and the slops. The
value & 1s equivalent to the nlope of the straight lius, Kiots (1953) hes
sxtensivaly usad this method,

It should be stated that this relationship hms been derived from
genaral theories of multiple equilibria for the cnse ia which there are n
sites availsble for ssscciation on P, and the equations are presented in the

ek artt

Sestohard (1949) has suggested the utilization of sn sssentially

form:

similar equation to obdain the paremeters:

ﬁ-m~u.
In this case T%_ is plotted cs s funciion of r. The intercept on the ordine
ate is kn and oz the ahscissa 4s n,

Both extrapolation procedures were applied to the data derived
froa this BPA~-BPE system, A swwoary of the pertinent values is found in
Table VIIX.

BINDING COMSTANTS OF BPA~EPB SYSTEM
sothod of Klots Hethod of Seatebard
n 84008 338
X 6.20 x 10% 6406 x 10%

k, 18,60 x 10% 18,18 x 10




TABLE VIII {oont,)

Method of Klotz Yethod of Seatehard
kg 8420 x 10% 6406 x 10°
kg 2,07 x 20* 2,08 x 10*
ar} ~6723 cal/mole «5701 sal/uole
aF8  -6111 cal/mole ~6094 cal/mole
AF8 «5499 val/mole ~B485 cal/mole

It wes interesting to note that & value of ~6510 oal/mole (oF§) wes
found by Klotz snd Urqubart {1949) in their atudfes on the intermetion
betwoen mothyl-crange and bovine plagma slbunin, In this case, the (-9G3)
group of the dyestuff was visualized as binding on olbunin cationfe nitrogen
sites, A similar situstion mey exist within the DPA-EPE mystem.

Brode (1924) and Baring end Heller (1941), guoted by Coliohmen
{1961) have indicsted that two and only two colorad forms of LHPB are reapons
sible for the toutomeric equilibrium betwesn @& pH of 1 and physiclogionl
jH'a, The yellow acidie foma (I} is present ot pH 1.

(1) Ogg (803"} 3 :Z::

2
in agueous solutions, while the purple or basic form II exists at higher pH

. CgHigBea0”

g

(31) gt (505 ) *{‘_"

valuea in aguecus sclutions., In all equilibrfum dielysis stulies an attempt
wos made to utilize stmusture IX of EFB. Tabls XX demomstrates the effect of
PH on the BPFE absorption spectrum, Zasentially, the ourves are superimpog-
able, probably indleating that similar quantities of HPB (IX) exist in each

solution.
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4 further atudy of the IPA-~IPB sysiten st pH 8.6, was not attempted,
primerily becauss of the relatively low averagzs mumber of dye moleculss bound
to one protein molecules It was thought that the charge chengse on the protein
in the complex form would not be greatly different from that of the pure Poow
tein, and, hence, would not lend ftself to accwrute ionographic inveatisation.

II snd II1.) BPa-BPB; Phospbate bulfor, pH 7.4, 0.08 ¥ with respest
to phosphates; 4° and 36.5%.; 0.7% BPA,

Pigure l4 represents data (from Tables XXV and XXVI) in s graphic
form demonstrating the small effect of terpereature on the binding betweon
BPA and BFB under the described experimential sonditions,

A gursory somparison with Figure 12 will indionte that at e given
(BrB) free valus, » has & greater wvalus in the phosphate buffer at pH 5.
Presuwsaily, this is mainly due to the increassed mumbar of cationic nitromen
groups as & result of an incrsase in the hydrogen ilon conscentration. The
buffer system components must be donsidered as inhibiting dye~binding end,
hence, 1t ia not juatiffable to attribute protein~iye interaction a funmctiom
only of the medius pH, However, this trend { increased anion binding of prow
teina by decressing the pil) has been obtsarved by othex workersj Karush, 1951;
Klotz and Urgubars, ma; and Boyer st al., 1947,

From the extrapolation provedures it was not possible to stats thas
the binding was atstistical. It 1a the nuthor's cbservation and opinion $hat
there sxista a misleading contemporary tendency to muke the data £it ome of
: shed by a blased selege

the linsar parametric forumlas. This can be ace
tion of a distorted plot of the data,
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FIGURE 14
BEFFECT OF TEMPERATURR OF THE BIMDING BETHEEY 3PS AND BPA.
(Myhl‘h Buffer, pl! '&" ﬂt” 3“)

Do oo ‘%0
Sewnee 38.,6%.

(Gee Tadles XXV and XXVI)
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Smith and Briges (1950) have used an alternats linear form of the

langmuir edsorption isotherm to plot the results of bovine serunm albumin and
methyleorange interection studies. Twe straight lines of differing slope
were dramn thrxoush two different groups of data, It was inserpreted that two
different types of sites wers avallable on the protein for binding the dye-
stuff. While thess conclusions seem to be borne out in 2 second psper (Colvin |
and Briggs, 1952) there appear to be definite dangers in such a ypractice.
ilectrostatic phenomena may bs oblitersted.

The best straight line through the data of the BPA=BFB syatem at
36.5%. would 1indicate an nevalus near seven, it 4%, n values of 5.1 to
6.5 may be caloulated. The data, howover, 1a probebly indiocstive of electro=
static processes,

IV+Vs) BPA-BFB} Phosphate buffer, pH 7.4, 0.05 M with reapoct to
phosphates; 4° and 36,8%., 0.8% Bike

The results of the studies on this system are presented in Fimxru
15 and Pables IXVII and XXVIIX. Inspection of the fizure revesls two import-
ant points, Firet, there 1s a definite dscreese in the smount of binding as
the temperature was inoressed; second, there appears o da a linear velatione
ship betwsen r and log (BPB) free., Comparison with the data of Figure 14
(Tables XAV and ZXVI) reveals that the binding hes genarally deoreased ss u
result of using e lower ooncentretion of BPA.

Extrapoluiion techujques demomstrate that the bindimg fits imto
statistical forms better than dosn the 0.7% EPA-BFD system in the phosphate
buffer. .ssuming the binding ia statiatioal, at 4°0, the n value 1s 5.9 and
at 36,5, the n value s very near S, However, the binding is provably
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FIGURE 18
EFFRCT OF TEMPERATURE ON THY BINIING BETWEEE BFB AND BPFA
(Fhoephate Buffur, pH 7.5, 0.2 BPA)
(See Tablses XXVII and XXVIII)
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electrostatic eince defintte deviation from & strict limear form does ocoour,

Klotz {1953) bas already pointed cut the aignificance of the effest
of temperature pn binding. Osnerally, there is little temporature effect on
protein « fon intermctions: It wus indicsted that for any equilibrium resc-
tion which {e not sensitive to tempereture, the enthalpy is small, 4nd ifaH
is small), the mrimnvamm of AF 4% & glven temporature is dependent on A8,
the change in entropy.

It has besn found that the entroples for such a resstion are of the
order of 5 to-#85 ocal./mol/deg. The positive entropy values for such an as-
acofation reaction have been interpreted ss being mafinly due to the relssse
of water molesules from the binding sroups om both the protein and fon, Posis
tive -nmﬁaa also exist for the association of IPB with BPA. Absolute
values are not easily caloulated aince the binding is not statistionl.

The lincar relationsbips observed in Figure 15 may be omly limit
values, That is, should {BPB) free de varied higher or lower than the
existing limits, posaible deviations from e atrict adherenss to a linear
form could result.

In the variations of the lLongmuir adsorpiion isothemzs that were
discussed, it was not evident that the concontration of the protein was rele-

vant, Rather, birding walues, r, encompmss only the comcept of total protein.

iB demonstrated by the present studies, protein concentretion definitely
affeots the revalue. Uhether this reflectis a change in protein structure,
or the equilibrium mediun, or both, is not clear.

4 paper (Kusunoki, 1963) hos come to the author's attention in
which the interaction of bovine serum slbumin (purity said to be better than
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90%) ‘ith EPB has been studied by the spectrophotomeiric method of Shimeo
{1953}s Apparently, the binding was assumed to be stutistical and AF}'s
wore caloulated on a conventional statistical basis. (EKusnoki refers only to
4F'a, but probably means Mg valueg,) It mas found that the n-values dee
ecreased both on alinli and formaldehyde denaturation. The trends are probably
significant Lut all sbasolute values are questionatls due to the omission of an
eleotrostatio conslderation of the resulis,

HG-BPB; Phosphate buffer, pH 7.4, 0.085 & with respoct to phos-
phaten; 490§ O.2% BFGO (See Table XXIX).

Within experimentel error and lguits of (HEB) free (1.29 x 1070 to
2467 x 2070 4) there was no interagtion betwesn the protein and the dyestuflfl,

The rslatively meaeger binding ability of the geoms globuline for a
given anion 42 typical und is cartainly of soccnd-order ismportence when ocme-
pered to the affinity of LEA for the pame anion. The besis for this differe
enge in proteins and the mechanisme desoribing similar reactione has csused

some intereat {Klotz, 194%9). Klotz uses the ratio (¥ W
B (~0H) «% {~C00™)

a3 2 binding {ndex. For & specified protein moleculs, Z(5 WH") is equivalent
to the swa of the cationic nitrogen greups; =(-CH) is the sum of sll hydroxy
groups; = (CCU™) 1» the sum of all carboxyl side chaine, Censrally, there is
a direot relation between the binding index and binding effinity for & given
anion when d&ifferent proteins are eompured.

The ressoning surrounding the utilization of this ratic involves a
knowledge of hydrogen bond atrengths and of the juxtaposition of the three
groups, The applicetion of the ratio seems sdeguate in some cases, but 1a
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only a preliminary attempt to obtain a molecular viewpoint of the binding
Process,

Folyvinylpyrrolidone systems

Inftial intersction studies ware attempted with undislyzed E=30 pe~
parations and BFBs It was evident that e measurables anocunt of PVP sppeared
in the dialyzate (of the opder of 7«8% total FVP aitrogen when the previcusly
desoribed equilibrium dialysis calls were ut{lized). Cbyvicusly, the presance
of PVP in the outer campartment would lead to mialeading velusa after spagtroe
photometric-analyses of the quantity of HFB therein. Neverthaless, an asttempt
was made to correct the derived walues snd the duta wes plotted by & wariation
in conventional procedure, The data 13 not presented in this dissertation
since the experiment was of preliminary importsnce only. It did serve o
emphasive the importance of using pre-dialyzed ¥VF samples,

Subsequent equilidrium dialysis studies were performed on exhaue-
tively pre-dialyzed polymer preparations of shieh titration dats was available.
{Chapter I1IX).

Typical date bas besn plotted in Figure 16, In this case, the re

PVP nitrogen and presumebly a similar mumber of repeating units, (4 FUP

activity difference existed in the PVFP-DS0, PVP-DE0, FVP«DI0 samples).
The following pointa, conocepta, and trends seem evident from the
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FIGURE 16
BINDING OF BROMPWENOL BLUE BY PVP-D30,

PP-D60, and PVP-D9O PREPARATIONS;
oo PYP=D30 P PYP-DY0
Desa0 PYP-DED ordimte (r x 103)
(See tables XXX, XXXIX, and XXXIV)
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datal

le) At 49C, the binding at high {EPFB) free values wes soen to de=~
crease in the omder: FVP=DI0D, FVP~D60, PVF-DB0. (See Figure 16, Tebles XiX,
AXZII, XXXIV). Poesibly thia may indicate an activity differences)

84) At 36,5°C, no enalagous trends appeared. Issentially, the
three samples exhitited similar affinitles for BPB at all (B°S8) free valuss,
{Hesulta not shown in graphic form but may be substantiated by perusal of
Tables AXXI, AALIIY, and XXAV).

S.) Binding was decreased by increasing the tempersture. This wes
characteristic of all polymer preparatioms, (As an exsmple, see Figure 17
for the effect of & 22.5°C. change in temperature on the binding betwesn
PYP«D3Q and EPB.)

4s) AV the highest levels of (BEPB) free, r had values near 0,045.
This indicated that about 4.5% of the repeating units were associsated with the
dys. {(One ator of nitrogen was assumed to be asgociated with ons PVP reposte
ing unit. It 1s not necessarily evident that S5PB cosbines with the nitrogen
atom.,} Using the data cbitnined with the PVP-D90 sample and assuming & mole-
cular weight of 360,000, it can be caloulated that the greatest binding
(experimental ) oonforms to & valus of M43 moleculsa of dye bound with one
molecule of FVF.

S5.) The results of extrapolation procedures uaing the (FVPeDY0)m
(BFB) asyestem are found in Figure 18, (after Klotz), and Figure 19, {after
Seatohard). fTypically lluosar relations wers found for other FVPeD systems.
(o this basis, the binding betwesn BFE and PVF appeared o be statistical
throughout the entire (HPE) free range that wes investigated. Apparently
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MOLES BOUND BROMPHENOL BLUE
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FIGURE 17
EFFECT OF TRMPRRATURE ON THE BINDING OF BFB BY TWP-D90. Ordinate (rx103)
PROSPHATE BUFFER, oH 7.k, LOC.
(Soe Tables XXXIV and XXXV.)

83




LUE

| ] L I | ]
28 80 75 100 128 150

.
(BPB) FREE

FIGURE 18
YALIDITY OF STATISTICAL BINDING BETYEEW

BFB AND PYP-D9O. ABSCIssA 15 1 x 1072
' (BEPB)free

{SEE TABLES XiXIV AND XXXV,)




BOUND BPB
MOLES TOTAL PVP-D90 NITROGEN

PIGURE 19
VALIDITY OF STATISTICA. BINDING SETHIEN BPB AND PV P-DY0 {After Soathehard).

Abscises is (r x 102), ordinate is ( r ) x 10%
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one type of aite was avallable or else & speotrum of nearly identical sitas

wors present, That these sites must be predominantly onm the repeating units
is avident from a knowledge of the reyelues and with the sssumption of a
non-branched polysor.

The queation must arise as to vhether the smsll number of titratible
groups in the PVP samples could be responaible for binding in comjuction with
nonejonisable sites on the repeating units. If only a smll nuiber of sush
sites osour and possess a small affinity for dye (AFf a small megative mumm
ber), & deviation in the two linear paremetric extrapolakion techniques
would not be expected to odour.

6,) It will be observed that both the intercept and slope are in-
oreased in Figure 17 as a result of an insrease in temperature, The data
eorresponds to that of the (FYP<D90)«(HFB) system, but similar trends were
observed with the other two FVP«l systems, Sinse the intercept sorresponds
to the reciprocal of the maxtwm mumber of sites evailabls to the [PB, it ia
apparent that more sites are open to LFB on PYP as a resclt of a decrcase in
Mpnram; {Caution must be exerted with reapect to a striet definition
' of n and the walues obtained ass a result of this extrepolstion, 3Should the
binding cocur on the repeating unit, n would be expscted t0 Le mextmally a
small whole numbers) Ia thie case nge,59, = 0,050, and ngov. 18 equivalent
to 0,089, This may be interpreted to mean that 5,0% and 5,94, respoctively,
of the repoating unite may be cecupled by IPB st & maxionus,

Caleulation of k, the inirinaie vinding comstant, reveals that its
walus is & function of the temperature., Xk was found to decrease slightly

as the tempereture was inaressed.
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A few comments should be made to desoribe the type of strustures on
PVP that may be responsible for binding the BPE, Ostor and Imergut (1954)
have found tho ultraviclet spectrum of PVP to be sensibly independent of pH
except at extromes of pH (048 and 12)s A similar dependence on pH wes oxhiw
bited by Neothylpyrrolidonce The tentative polymer structure of FVP is shown
in Figure 20 (I)e (After Thrower and Campbell, 1951)s Accordingly, Weese
(1948) bas suggested that the moleouls should be meutrale That the polymer is
essentially noneionic and only weakly saphoteric (Uiller and Hsmm, 1953) may
bo substantisted by the free solution slsotrophoretic work of Sullivan et ale
(1962)s PVP at pH 7 was found tc have almost & zerc modilitys At & low pH,
the polymer migreted to the uegative poles At high pH walues, the direction
of movement was reversed, Oster and Imergut would like to base thess obe
servations on the struoture in Figure 204 The repeating unit II wouléd rep=
resent the clectrically neutral forme At & pH walue below 1, the polymer is
positively cherged and possesses repeating units of the form IIX, At high
pH's & proton was visuslised as being abstrected from the oarbon atom adjecent
to the oarbonyl groupe The extra pair of electrons then shifts into the ring
to give the enolioc structures Further study is neccssary to loomlise the
binding site or sites involved in the interaction with the eompounds liasted
in Tables I and II,
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FIGURE 20
STRUCTURES OF POLYVINYLFYRROLIDONE
I. TENTATIVE POLYMER STRUCTURE
II, IIT, A¥D 1V, SEE TEXT.




Studies were initinted to ocompare the binding seohanisme of csrtain
plesua proteines and thoss of three polyvinylyyrrolidons samples. The resulte
ant interpretations were oslarified by ec~slating the data obtained b the
teohnique of titrimetry, lonography, o:ilibrhue dialysis, and spectrophotome
etrye 4B & rosult of the investigation, o muuber of consepts have taken shape
and several analyticsl procsdures were deweloped shish appear $o possess vale
uable potentialities m used in interaction studies,

dtotsoantes of the more pertinent points are as follows:

le] Two ionograghisc analysiscsl procedures hawe been developed %o
atudy the propertiss of protein-dye complexes and FUPedye complemes. Theve
tochniques mhh‘iam rote of oumplex dissoclation to be coopared with the

graghiio resclution. lowever, their privery wvalue appears to be
in the determimation of the type of chargs change a8 & result of owplexing.

The interferencs and slignifioancs during imteract: - . tudies of
acld~base-salt equilibria, and diluticn and diffusion procesues have besn
discussed.

2a] Undielysed VP samples seen to posssss at Jeast two different
typas of fonisable groups; one baving a PK mear 4435 the other mear 10,

$.) Dialysed FVP sanples have titration ourves d;tm are distinetly
dizferent fram the undialysed umlogues. Thers are less titratable groups

present in 4flalyzed preparations, The dialyzed differentisl titretion ourves
a9
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elosely resemble the curve cbtained from the titretion of an aquecus neutral
salt sclution,

4.) Zzheuvasively dialyzed FVF smaples snd undialyzed #VP seuples
all exsbined with the orgenic anion BFE. An exaet comparison of the affinie
ties of these VP preparations was not meds, but guantitative binding data
sas assemblod for tkres dialyszed FVP sanples (PVP-i30, PVP-DBO, PYP«DI0).

5.) Dialyzed PVP preparetions aombine wish bromphensl bine to fowm
somplexes ahiah:

Be) have & greater net megative charge than Fv@,
el ave guickly dissooiabla on the bhesis of ifomographic sesOw

dution.
6+) have the HPFB bound on the repeating usit of $he polymer
rather than only on asidis end groups as postulated by other worksre.
6+} The ssscointion resction between dialysed PVP preparations ond
EFB bas gertain charnsteristics:
8¢} the binding meay bs desoribed with statistical terninmology
using the conoepts of multiple oquilidria in ecnjunction with several forms
of the langmulr iscothemm. Mo svidence of an slestrostatie faotor coulld be
demonatrateds. Only one type of ajte appeared %0 bo involved in the bLinding
process. Should the binding cssur oa the repeating unita, only a amnll perw
sontage can be lmvolwed {(of the oxder of Bd).
B} binding desrsused %ith an inerease in temperaturve, With
cortain sasunptions, the entropy may be caloulsted to hiwe o positive valus.
Vel Bovine plesms aldumin oonbines with bromphencl biue in oush a
mamor o8 %0 indicate that:




) 8
8} the binding is stulinticnl at a pH of 8.6 under apecified
experimental conditions. Iy decreasing the pH t0 7.4, the binding is in-
oreased but is no longer statistisal, Thermodynamis quentities have boeen
saloulated wiore possible.
b.) the (-Ma“) group of 5PB is prodably atteshed to z protein
cationis nitrogen group.
Ce) the complexsa bave a greater mwet negative charge than does
ed albusin, Al)l complexss were quiskly dissocisble on the dasis
of joncgrajiic remolution,
ds) sesondary and tertiary albumin struotures affest the
anount of dye intsraction.
8¢} Bovine plasma gamme globulin doea uot oonbine with BiR (phomse
‘ phats buffer, 0,08 i, 3l Teks 4°C)s The basis of ccmperetive protein binding
abilities bas been discussed in conventiomal Serminclogys
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TABIE IX

TITR TION OF 0,08 8 S)0I0M CHLORIDE SOLUTION
{glass distillied water)

Experizental Condtions?
Temperature: 25°C
Titrated with: 0.0L ¥ sedium hydroxide
Titration oft 50 ml 0.05 ¥ sodium chloride solution plus 2 ml 0.0099]
¥ hydrochloric acld « 0.05 M sodium chloride solution.

P before adcition of acids 645 6o T.5
pH after sddition of acids 3,45

(TOTAL) (POTAL) {zomaL)

0,00 3.45 1.0 399 2,05 8.17
0410 3.47 1h8 Lo2 2.065 8.2
0420 3«18 1.50 k06 2,085 Beh?
0.30 3.5 1.55 L.12 2,105 8ol
0uhi0 3.53 1.60 Ly 2.125 Be75
050 3.58 1.65 ke22 2.145 8.86
D60 3.60 1.70 Le29 2.1685 8.92
0,70 3463 1.75 L.38 2.180 9401
D480 3.68 1.80 Lk 2,200 9,08
0490 3.2 1.8% Le62 2.220 P13
1400 3.7% 1.90 L.78 2,25 9420
1.10 3.89 1.98 5428 2,30 9.32
1.20 3.86 2.00 5.70 2.35 Pehid
1,30 3.9 2.025 6.2 2.0 Peli9




TABLE X {cont.)
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CCo BASE  pH
ADDED

(TOTAL)

5.00 1049
5el40 10.52
6.00 10.61
7.00 10,70
8.00 10.78
9400 19.82

10,00

10.88
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TABIR X

TITRATION OF PV¥P«U30 SOLUTION
Experimental) Conditlons?
Teaperature: 25° C.
Titration of: 50 ml PVRU30 (58 mg % N) = 0.05 i soddum ehloride
golution vlus 2 ml 0.0099 N Hydrochlorde acid ~ 0.05
‘ ¥ sodiws chloride solution
pH bafore addition of scids hLel9
i after addition of acids 3.k3

el O N
GomL) (romas) (rom1)

0400 3.13 1.80 L0k 247k 5435
0410 3ebiks 1490 Lel0 2.76 5460
0420 3.5 2400 418 2.63 5.86
0430 3048 2,08 he20 2.85 6.02
OeksO 3.50 240 Lok 2.87 é:21
0460 3456 2,25 k.38 2.89 6.3
0.80 3.62 2.30 Lebly 2.90 6a5k
1400 3.68 2.35 L.50 2.9 6.68
1410 3.72 2,40 La57 2.92 6480
1.80 3.75 248 L6k 2,94 6.98
1.30 3.78 2.50 ko1 2,96 7.25
1.40 3.83 2,60 Le92 2,98 Te51
1451 3.88 2465 Se0k 3.00 7.7
1460 3492 2.70 5.18 3.02 7498

1.70 3499 2,72 Se27 3.05 8423




TARIE X (mh)
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OCe BASE  pH CCe BASE  pH CC. BASE  pH.

ADTED AUIED ADIED

(zomn) (TOTAL) (TOTAL).
3.085 8.38 360 9.48 6420 10.42
3.10 Baki5 3.70 %463 6.80 10451
3.138 8458 lis00 9478 7420 10.55
3415 84685 Le20 9.88 T+90 10.63
3.20 8.61 Lo 9498 9400 10.72
3.30 - 9.04 k.70 10.09 10.00 10.78
3.38 9.13 5400 10417 11,00 10,84
3.0 9421 Selid 10,26 12.20 10,89
3.%0 9.3k 5.80 10.34 13.00 10,92
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TAELE X1

TITRATION OF PYP-UGD BOLUTION
fxperimental Conditions?
Temperature: 25° C.
Titration oft 50 wl PVP-US0 (58 og % 1) = 0,05 ¥ sodium chloride
solution plus 2 ul 0.0099 N hydrochloric acid = 0405
¥ sodium shlorido solution
pii before addibion of aoids L4683
p¥ after addition of acidr 347

CC. BASE  pd CO, BASE  pH CCs FASE  pH

ATTED ATDED ADUED
{pomar) (zoTaL) . (romL)

0400 3.b7 1ok 3.92 2.32 5453
0.10 3.8 1450 3.98 2,345 .78
0.20 3.5 1.60 Li+06 2.365 6408
0+30 3.52 1.70 ka2 2.39 6453
0wl 3.5% 1.80 lie22 210 Se72
0450 3.58 1.50 hed2 2.135 7406
0460 3.a 2,00 Lebi8 2.4k 7458
0,70 3.6k 2,08 k55 2.8 776
0480 3.68 2,18 Le?7 2.6 7492
090 3.70 2,20 L9 247 798
1,00 3.7 2.2 k.98 2.8 8,08
1410 3.78 2.25 5409 2.50 8.20
1420 3.82 2.27 Se21 2452 8.2

1430 3.08 2,29 G5e3¢ 2.5 Ee52




o8

TABIE XI {sent.)
S s sl
(TOTAL) {IOTAL)
8.67 2.9% 9448 koS50 1025
8.76 3,00  9.53 ka0 10.89
8476 3405 9457 5400 10.36
8,92 Jaoe 9.62 5e50 0Lk
9.0k 3.20 9.71 6400 10.51
9.17 3.0 2.82 700 10.62
9426 350 993 8400 10.73
9434 beott 10,10 P00 10.78
.l k.20 1017 10.00 10.83
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TABIE XII

TITRATION OF PYP-UD0 SOLUTION
Fxperiomta) Conditions:
Tempereturer 25° C.
Titrstion oft 50 ml PVP-U90 (58 mg % N) ~ 0.05 ¥ Sodium chloride
solution plug 2 ml 010099 N hydroclorie acid - 0.05
¥ sodiunm chloride solution
¥ before addition of acids: L.BL
pH after addition of actdr 3.hk

Cos IERE pR ‘ OCe DASE pH C0. BASE pH

ADIED ATDED ALDED

STOTAL) , (fomaL) (TOTAL)

0,00 bk 140 3.9 2,155 8.52
sl 3.48 1.50 L.03 2.170 587
0420 3.k9 1.60 L2 2,19 Se8l
0430 3.52 170 b2 2,90 6406
0.ki0 3,55 1,85 b 2,215 6433
0.50 3.58 1.50 Lek9 2.23 | 669
0.60 3.60 1498 Le59 2.2 6289
0470 3463 2.00 La72 225 7.2
0480 3.68 2,03 .82 2426 Teli3
0490 3.7 2,08 5L.88 _ 2.275 7473
1,00 3.75 2,085 $.02 2,285 790
1.10 3.79 2,10 g.11 2.29 8.03
1.20 3.84 2,128 5.0k 2.30 | 8413

1.30 3.90 2.k 5637 2,31 8423




TABLE XIX {oont,)
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4400 10,18

0C. BASE  pH CO. BASE  pH CO. BASE  IH
ADDKD ADDED ADDED
S20TAL) (TOML) {TOTAL).
2,38 8,32 2.70 9448 425 20.24
2433 8.36 3475 9.8 450 10.29
2,34 8442 2,80 9.56 4,95 10,35
2,35 8456 2490 9.66 5400 10,40
2.7 8467 3,00 9474 8,50 10,48
8439 8.72 3.10 ‘9@0 6400 10,53
2445 8.96 3420 9487 6450 20,59
2450 9,10 3430 9498 7,00 20,64
285 9.21 3,40 9,97 8400 10,72
Ba60 9429 3,50 20,02 9,00 10,79
2465 9.38 3,0 10408 10,00 10,63
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TABLE XIII

TITRATION OF 0,05 M SODIUM CHLORIDE SOLUTION

Experimental Conditions: -

Temperature:
Titration of:

25° ¢C.
50 ml 0.05 ¥ sodium chleride selution plus 3 ml 0.09L
N hydrochloric acid - 0,05 M sodium chloride solution.

pH before addition of acid: 6.5 to 7.5

pil after addition of acid: 3.29

e m o maem ow g
(TOTAL) (TOTAL) (TOTAL)

0.00 3.29 1.60 3.67 2,79 k.72
0,10 3.3 1.70 3.71  2.803 .77
0.20 3.33 1.80 3.7 2,60 k.79
0.30 3.35 1.§0 3.79 2.82 L.8Y
0.0 3.37 2,00 3.86 2.83 158
0,50 3.39 2.10 3,89 2.8 L.96
0,60 3.2 2.20 3.94 2,85 L.98
0.70 3.lb 2.0 k.09 2.86  5.08
0.80 3.48 2.50 L9 2.87 5.13
0,90 3.50 2.60 L.32 2.88 - 5.22
1.00 3.5 2.65 438 2.89 5.32
1.10 3.52 2.70 L.h9 2.90 5.45
1.20 3.55 2,72 k.53 2.91 5.58
1.30 3.58 2,75 L.62 2.92 5.83
1.ho 3.61 2.77 k.67 2.93 6.22
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o—

CC. BASE pH G, BASE pH CC. BASE pH
ADTED ADIED ADIED
(TOTAL) (TOTL) - (TOTAL)
2,90 8.70 3.25 9.23 130 10.08
2.95 7.22 3.30 9.32 .50 10,14
2.96 7.78 3.35 9.39 470 10.19
2,97 7.94 3.40 9.1:6 5.00 10.28
2.98 8.09 3.8 9.52 550 10.39
a 2,99 8.22 3.50 9.58 6.00 10.47
% 3.00 8.34 3.60 ; 9.68 6.50 10.53
% 3.02 8.53 3.90 9.76 7.00 10.59
i 3.04 8.67 3.80 9.82 8.00 10.68
" 3.0 878 3.90 9.89 8.50 10.72
3.15 8.94 L.00 9.95 9.00 116.76
3.20 9.08 k.0 9.99
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TABIE XIV 208
TITRATION OF PYP=D3C SOLUTION
Experimental Conditionss
Temperature: 25° O,
Titration of: 50 ml PYP-D3I0 (58 mg £ N) = 0.05 M sodium chloride
solution plus 3 ml 0,009k ¥ hydrechloric acid -~ 0.05
| M sodiwm chloride selution.
pH befoye additien of acid: T =
pif after sddition of acid: 3.37

LA= w sl A s
(oTsL) (TomaL) (TOTAL)

0400 3.37 1.50 3.77 276 532
0420 3.38 1.60 3,80 2,78 5.k
0420 3.0 1.70 3484 2,80 5.58
0430 3. 1.80 3.90 2.82 577
0.0 3ok 1.90 3.96 2,80 6,01
0.50 3.7 2,00 L@ 2.66 6:28
0460 3.9 2,10 L.10 2.87 6438
0,70 3.51 2.3 L9 2,88~ 6e52
0,80 3.53 2,40 hoki2 2.89 6.70
0490 3.57 2,50 2,57 2.908 6.82
1,00 3.60 2.85 be68 2.5 7.02
130 3.62 2460 b7 2,925 7.17
1.20 3.65 2,70 5.05 2.93 7.28
1.30 3468 2.72 5413 2.9 7.43

1.40 3412 2«Th 5.22 2.95 7458




TABLE XIV: (cont.)

104

6Ce BASE  pH CC. BASE  pH 0C. BASE  pH
{zom1) (romy) (zoman)

2,96 T.69 3.20 8.98 belso 10,05
2.97 7.77 3.85 9.11 La60 10413
2,98 7490 3.30 9.21 L.70 10.17
2.99 7.99 3.35 9429 5400 10.24
3,00 8.09 30 9.3k 5450 10436
3.02 8.26 35 9412 6400 10.36
3.0 Ba39 3,50 9.8 6,50 10,51
3.06 8.50 3.70 9.68 7400 10,58
3.08 8459 3.80 9.7k 750  10.68
3.0 8.68 3490 9.82 8400  10.68
3.12 Bu7h b 9487 8450 ©10.70
3.0k 8.81 k.10 9.93 9400 10.7h
3.16 8.88 1120 9.98 10,00 10.6)
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TABLE xv

TITRATION OF FVP-DSO SOLUTION
Experimental Conditicns:
Temperatures 25°C.
Titration oft 50 ml PYPDE0 = 0.05 ¥ sodium ohloride solution plus
3 ml 0,009 ¥ hydrochloric acid = 0.08 ¥ godiun chlor-
ids aslution.
i before acdition of agid: 6,12«
pil aftey addition of acid:r 3.32

CCs BASE  pH oC, BASE  pH CCe BASE  pH
{romy) {rom) {romr)

0400 3.32 1450 3.67 2,77 193
620 3.3 160 372 2.80 5,00
0.20 3.3 1470 3.78 2,82 5.23
0.30 3.38 1.80 3.79 2.85 5.6
0.0 3.39 1.90 3.85 2486 5457
0,50 32 2,00 3.89 2.67 5469
0460 343 2,10 3.96 2.88 5,88
0.70 3als6 2,20 L.02 2,89 6,08
0480 3.48 2,30 La10 2,90 6430
0490 3.51 240 L19 2.9 6461
1400 3.53 2.50 Le32 2.92 6.94
1410 3458 2.60 balB 2,93 7426
1420 3.58 268 L58 2.9k 7.k9
1.30 3.61 2.70 Lo72 2.95 7.67
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TABLE XV {cont.)

(ToTaL) (ToTAL) (TOTAL)
2,97 7496 3020 9.2 La00 9492
2.98 8409 3,28 9.2 k20 10.02
2499 8420 3430 9430 Lako 10.10
3,00 8430 3.45 9.52 be0 10.17
3.02 Bah 350 257 5.00 10,27
304 8.58 3.60 P67 6400 1046
3.06 f.68 310 975 700 10.58
3e10 8.84 3.80 9,82 8400 10468
345 902 390 9,87 9400 10,75

10400 10,82
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TABIE XVI

TITRATION OF PWPDPO0 SOLUTION
Experimental Conditions:

Temperatures 25° G,

Titration oft 50 ml PYPD90 » 0.05 ¥ sodium chloride salution plus
3=l 0,00 ¥ hydmohlorie acid =~ 0,05 ¥ sodium chloride
solution,

P before addition of acidr 6.5 =
pH after addition of aecid: 3433

oc, MSK oh CC. BASE A CCo BASE
ADIED ADDED ADIED

(omy) (RomAL) ol
0,00 3.33 160 375 274 Seliy
0y10 3036 1.70 3.79 2.7% 5458
0,80 3.38 80 3.84 2.76 B.68
0,30 3.39 1.90 3.89 2,71 5483
0410 3els2 2,00 3.96 2,78 6.0L
@.55,; 3ol 2,10 03 2.79 6426
0,60 3.l6 220 Lao 2.80 6.9
0470 3B 2,30 Le21 2,81 é.&sl
0490 3.53 20 he32 2,82 7.13
1400 3456 2,50 bS50 2,83 Tek2
110 3.58 2.60 R 4 2.8k 7.63
1420 3.62 2,70 5413 2,85 7482
1,30 3465 2.7 5e22 2.86 7499
140 3468 2.72 527 2.87 8.13

1450 3472 2.73 Se33 2.89 Sedb




S IR T TR T
B T

TABIE XVI (eont.)
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e e amen
SToTAL) (TOTAL) (rom)
2.90 8435 3430 9uk3 L420 10,04
2495 8467 3.ho 956 L.40 10,12
3.00 8.87 3.50 9.63 Li.60 10,18
3408 9400 3460 9473 5400 10.29
3.0 913 3.7 9460 6400 10,46
3.15 9.21 3.80 9.86 7.00 10,58
3,20 9432 3490 992 8400 10.68
3.5 9438 k00 9496 9400 10.75
10,00 10.61




TABIE XVII
LINEARITY CURVE = MOVEMENT VS. TIME

Experimental Conditionas
gencral lonographie procedure (see text).
Scdiun veronal - vercoal tuffer, ph 8.6, lonic strength 0,023
temperature of 2=-3%C.3 B & D #613 filter papors helium atswaphere.

TIME YOVEMEHT: mme // ¥ / om
(hrs.) | BPR | BFA
1.00 3.08 2.2
1.50 heko L2
2,26 | Se52 R
3,00 8.3 8.40
k.00 10.30 7+50
500 12.66 9.18
| e 15.63 | 9.9k
? 7400 17.40 | 12,00
8400 20,24 13454

90;3 Ei.a c}é{} 16031& )
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TABIE XVIII
PVP=BPB ARSORPTION SPECTRA
Experimental Conditions:
§ x 10°6 i with respect te BPB, 11.6 ngh PVP nitrogen, 0.0 M with
respect to sodium chloride, 0.0l M with respsct to phoayhates in
phosphate buffer of p¥ 7.h3 Colemen Spectrophotometer with FO-h
filter
QPTICAL IENSITY
wxv*é(t;ﬁ?m BB PYP-U30  PVRWD30 PYRI90 WM?O
1400 0.0k1 04003 0047 0.048 0.0L8
o 0.033 0.037 0.033 0.039 0,038
L20 0.024 0.026 0.027 0.029 04027
130 0.023 0.023 04023 0,027 0.026
ko 0,019 0.021. 0.027 0,023 0023 )
450 04023 0.023 0.023 0.027 0,02
160 0,029 0.028 0.027 0,030 0.030
u70 0,037 0.033 0,033 0,034 0403l
8o 0.0L9 0.042 0.042 0.043 0,0Lk
k9o 0.063 0.08% 0.052 8.055 0,093
| 500 0,083 0,068 0,068 0.068 0068
510 0.107 0,089 0.087 0,088 0,088
| 0.138 0.117 ell3 0,11k 0.113
530 0,174 0,150 0e1k7 3147 0.1h7
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TABLE XVIII (cont.)
OPTICAL DERSITY
YAVELENOTH  BPB FVP-U30 PYP=D30 PYP-U90 PYP-DOO
(o)

540 0.216 0.189 0.188 04186 0,187
550 0.264 0.234 0.231 0228 0.232
560 0.314 0428l 0278 0283 0.279
570 0.368 0.340 0.332 0.333 0.332
14 0.393 0.370 04358 0.363 0.359
580 0.111 0395 0384 04388 0,382
585 0.20 0.128 0.0k 0.409 0.1:03
590 0.113 0.423 0.1185 0eli20 0.1k
0,398 O.l19 0.la2 0. l19 0120
600 0.362 0100 0,394 0.403 0393
0.380 0.37 04367
610 0,270 0.331 3327 0.333 0.328
620 0.182 0.2kk 0.237 Os243 Be2ls2

630 0.112 0.164 74163 0.163 0,158




TARLE XIX
BPFB AXD PBPwlila ABSORPTION SPRUTRA

Expordmmtal Conditions:

Variable wavelength svionatic scamner.

FAVELENGTH OFTICAL DENSITY

112

(ma) L) Y
koo 0.0h0 0,040
ko 0.0L0 0.075
h20 0,073 0,065
h3o 04063 0.078
kho o.0L0 0.060
k50 04055 04068
k60 0.6k 04100
k7o 0.088 04100
180 o.118 04120
kso D125 0.125
500 0,178 0,188
510 0,220 04203
820 04265 0+240
530 04270 0.273
540 0. 308 04265
550 D.338 De3
560 0.379 03
575 0.386 0.385




o
]

TLELE XIX  (cont.)
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mwgggmu - OPTICAL DENSITY ——
589 0405 0.380
585 027 04360
5% 0.405 0.306
595 04330 9,3‘38
650 0.298 0.320
610 Oa 21k 0.242
620 0135 0,163
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= TABLE 1X

T TRR

E¥PECT OF pH OF BPB ABSORPTION SFECTRUM

Experimontal Conditions:
Colemant Spectrophotometer with PO=h filter;
Solutions were 5 x 10™8 ¥ with respect to BPB,
Phosphate buffers of pif 6,95 and pi 7.52 were 0,05 ¥ with respect

to rhogphatesy
Vercnal buffeyr of pll 0.65 was of avrroxizately 0.05 lenic strength.

TAVELEROTY OPTICAL DENSITY |

| (ea) S S -k 1) if

| wo 0,046 0,062 0.0k

! hio 0.934 0.03¢2 0.032
k20 0.026 0.023 0.02}
k3o - 04025 0.021 0.022
hko 04021 0.008 0.022
450 0.026 0.022 0,082
h6o 0.031 0.088 0.029
Lo 0038 0.035 0,038
180 0,059 0,047 0,050
kso 0.066 04062 0.064
500 0,08k 0,081 0,083
510 0.110 0.108 0,110
520 0.139 0.138 0e3h0




TAELE XX (cont.)
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WAV L THOTH , OPTICAL TEMBITY
o)) LT PR 1.5¢ o B.ED

530 04179 0.178 0180
5h0 0.223 De222 04225
550 0.270 0.270 0.272
560 0.320 0e318 0.322
570 04378 0.375 0.381
560 0.h21 0.420 0.1426
585 0ehi32 0.4430 0436
550 0.428 0.42% 0.432
600 0.370 0.369 04376
610 0.278 0.278 0. 268
620 0,168 0.187 De192
630 0,113 0,112 0.116
6o 0.067 0,064 0.069
650 0.039 0,039 04042




TABLE XX1

DEPERMINATION OF DYS-MEMBRANE ADSORPTION (I)
Bxperimental Conditions:
Veronel buffer, pi 6.8, ioric strenmgth 0.05, 4°C;
Ingide: 20 ml. bulfer; Outside:s 20 ml. dye-buffer solutiom.

IXITIAL DYE DILUTION AFTER OPTICAL CORRZS PORDING COTMRECTED
CORCENTRATION BIUILINRATION DRYSITY HMOLARITY HOLARITY
I¥ OUTSIDE (x 10%) (x 10%)
303 94
(x 10%)
850 1:10 (1!1) 0218 2.52 25.2
1:10 {out) 0.218 2.57 26.7
100 1:10 (in)  Qu418 4.85 49.5
800 1:80 (in) Q.413 4.94 247
1:50 (eut) 0.422 5.07 254
1000 1:100 (in) 0434 5.22 622
(=]
o
1:1000 (out) 0.438 5.27 527 o




TABLE XXIIX
EQUIBIBRIUE DIALYSIZ STIDIES (X THE BPA-BPB SYSTEM

Experimental Conditions:
Veroral buffer, pi 8.6, lonic strenmgth 0.08, 4%.; 8 days equilibration time;
Insides 20 ml. 0.7% BPA in buffer; Outside:: 20 ml. BPi-buffer solutiong

Each of the subseguent values haa been derive’ from two cells.

INITIAL DY {ara) oy MOLES B80OURD BPB
GONC RETRATION s il ROLEE TOTAL ALBUMIN
I¥ QUESIDE (x 10°%)
SECTION (X 107)
1000 348 8.00

750 ' 232 2.82

§00 115 2.66
250 ’ B35 : 1.79

100 ' - 7.85 ' .83

5 2.70 Cedd

25 :1.25 0.22

41T

10 .48 Q.09




TABIE XXIII

VALIDITY OF STATISTICAL BINDINMG BETWERN BPA AXD BrB (I)

Data obtainsd frem XXII

1 1 {x 10~¢) r
¥ (BFB) eroe (BFE) , (X 107%)
0.33 2.287 0.86
0.38 0e431 1.22
0.38 . 0.870 2.31
0.56 . 2.950 €.06
1.20 18,07 10.35
2.28 57.04 16. 30
4.55 80.00 17.00
11.11 | 222.20 20,00

811




TABLE XXIV

DETERUIBATION OF DYE-MEMBRARE ADSORPYION

Exporimental Conditionsa,

Phosphate buffer, pH 7.4, 0.05 M with respect to phosphates; 4°C;

Ingide: 20 ml, buffer; Jutaider 20 ml. dye-huffer solution
INITIAL DYE DILUTION AFTER OPYICAL TENSITY CORRES PORDIKS CORRECTED
CONCENTFATION BQUILIBRATION MOLARLTY MOLARITY
I OUTSITE {x 10%) (x 108)
SECTION (x 106)
$000 1:500 (in) 0.438 5.07 2540
1:500 {out) 0.451 §.21 2¢10
100 1:28 {in) Ua183 2.02 50.5
1:25 (out) 0.183 2.02 5.5
100 1:26 (in) 0.186 2.04 $1.0
1385 (Bﬁt) 8.182 2001 80.3

611




Experimentsl Conditions:

TABLE XXV

BLUILIBRIUN DIALYSIS STUDIAS OR THE BPA-BPB 8Y:TsM (I1)

Phosphate buffer, p¥ 7.4, 0.08 ¥ with respsct to rhosphates; 4%C.;

inside:

each of the subsequent values hae besu derived frox two cells.

20 =l. 0.7£€ BPA in buffer; cuteide:

is prasented here.

20 ml. BPB-buffer solutioen

Only the final dets

IHITIAL DYE 1 1 (x 1074%)
COC ERTRATION (see toxt) r (3%8) proe
I¥ OUTSIDE .
SECTION (X 10)
7500 8.40 3.186 0.02915
5000 8430 0.169 0.04568
1000 5.02 0199 0. 4000
760 4.55 0.220 0.6779
500 3.86 0.259 17643
260 2.37 0.422 15.878
100 0.96 1.038 54.0850 5
50 0.48 2,065 126.58
10 0.0 11.709 136.98
8 0.05 20.833 188.68




Bxperimental Conditions:

TABLE XXV1

BQUILIBRIUM RIALYSIS STUDIES ON THE BPA-BPR SYSTE¥ (III)

Identicel with Table XXV except & temperaturs of 36.5°C. was maintained.

IYITIAL DYE r 1 1 (x 107%)
CORCENTRATION (see toxt) r BPB) prve
IN QUTSIDE
SECTION (X 10%)

1500 6,70 0.175 0.21606
1000 6.10 0.196 0.4081¢
750 4.89 0.205 0.76628
500 4.06 0.247 2.1082
250 2.37 0.422 15.150

100 0.93 1.081 26.809

50 0.48 2.002 88.495
25 0.23 4292 111.76

12t




EQUILIBRIUN DIALYSI: STUDIES OF TRE BPA-BPB SYSTEM (IV)

Bxperimental Gonditiens:

TABLE XXVII

Identical with Table XXV except that & 0.2% BPA-buffer solutions was used in the

dialysis sas. (4%.)

IRITIAL DYE r 1 1 (x10m%) r (x 1074
CORCENTRATION {see text} T (B free D) free

I¥ OGTSIDE

seerIon (X 10%)

0.88 - 8.07 0.187 0.2845 1.4424

2.75 4.86 0,206 0.3284 1.6960

0.66 4.74 0.210 0.3902 1.8496

0.80 4.62 0.216 0.5464 2.5244

0.40 4.20 0,238 0.7181 3.0160

0.25 4,02 O.249 1.501 6.0332

.10 2.87 0.375 8.811 23.524

0.08 1.58 D.638 48,07 76.951 .
0.025 0.82 1.220 148.3 122.39 &




TABLE XXVII1I

BQUILIBRIUM DIALYSIS STUDIES OW THE BPA-BPB SYSTRM (V)
Experizental Conditions:
Identical with Teble XXV exoept that a 0.2% BPA-buffer solution was used in the dialysis

S&Q » {56. 50(:0)

INITIAL OYE r 1 1 (x107% (x 1074)
CORENTRATION (See text) r (57R) ppce BFB) pree
I¥ OUTSIDE

SECTION (X 10°)

0.85 4,00 0.250 0.2724 | 1.089
0.76 4.07 0.246 0.5170 1.250
0.50 3.74 3.287 0.5110 1.811
0,40 3.40 0.294 0. 6630 2.26
0.25 2.9% 0.554 1.225 5.86
3.10 2.13 0.468 €.255 11.16
0.06 1.24 0.806 14.38 17.81
0.025 0.70 l.422 43.48 30.567

e21




TABLE XXIX

BQUILIBRIUY DIALYSIE STUDIES 0% THE BFCG-DPR SYSTEW

BExperizentel Conditione:

Phosphate buffer, p'i 7.4, 0.05 K with respect to phosphates; 4°C.; 10 days equlibration tine;

inaside:

20 ml. 0.2% BrGG-buffer solution; outside:

20 ml. BPB«bhuffer sclutions

easch of the subseq:uebt values has deen derived from two cells.

ISITIAL DYR PILITICE °TICAL CORRES PONING CORRECTED
CON BNYRATION AFTER DENSITY HOLABRITY BOLARITY
1% OUTSIDR EQTILISBATION (x 106) (x 10°)
S&TIN (x 106)
5000 1:500 0.461 .33 2670
2500 1:200 0.536 8.27 1250
1000 1:100 0.428 4.92 €92
750 1:100 0.3538 5,83 383
500 1:25 0.305 $.90 248
280 1:50 0.224 2.48 12¢
100 1:5 0.806 2.80 49.5
50 1:5 0438 5.00 25 K
25 1:5 0.234 2.58 12.9 *




TABLE XXX

EQUILIBRIUM DIALYSIS STUDIES 0¥ THE (PVP-D30)-(BPB) SYSTEN

Experizentsl Conditions:
p-osphate buffer, pli 7.4, 0.05 M with respect to phosphates; 4%.; iuside: 20 ml of 56 mg %

PYP-D30 ritrogen in buffer; outside: 20 nl BPB-buffer solution.

IRITIAL DYE r (X 10%) 1 1 (x 1074)
CORCEWTRATION (sww text) T (87%)

IN OTPSICE froe

SRCTION (X 109)

6.0 4,246 23,50 04062

2.5 2.848 35.11 0.152

1.0 1.479 87.61 0.617

0.85 1.235 80.97 deb92

9,76 1.043 95.88 0.629

086 0.956 104.61 04787

De60 0.754 1352.57 1.067

0.40 0.606 165.28 1.340

0.28 0.369 270.78 2.067 ”
0.10 0.166 604.96 64349 “

2,08 G.082 1218.51 12.58




TABLE XXX1

EQUILTBRIUN CIALYSIS STUDIES OF THE (PMVA-DSO)-(BPB) SYSTEM

Experizental Conditions:

Idéntics)l with Teble IXX, except a temperature of 36.50(1. was used.

INITIAL ©YE r (X 10%) 1 1 (x 107%)
CONCBETPATION (see text) T (378) pree

I¥ OUTSIDE |
SECTION (X10%)

5.0 3.862 25.89 0.068

2.5 2.448 40.885 4135

1.0 12248 80.13 0.414

0.75 1.083 96.79 0.621

2.65 0.997 100,30 0.664

0,50 0.789 135.37 14309

0.49 0.653 163.13 1.547

0.25 0.379 263.85 2.151

0.10 54148 676.67 5.1€8

0,08 0.076 1315.7 10.893 S
0.026 0.088 2831.5 21.598




TABLE XXXI1
EQUILIBRIUM DIALYSIS STUDIES ON TAR (FVP-D60)-(BFB) BYSTEN
Experinental Conditions:

Tdentical with Table YXX except that “¥P-DEO was utilized (4°C.).

(x 1074

INITIAL DYE r (X 10%) 1 - 1
cﬂ&:?ﬁﬁ%ﬂﬂﬁ . {see taxt) r foee
1IN OUTEIDE

SECTION (X 16%)

5.0 4.49 22.27 0.064
2.5 3.12 32.06 0.166
1.0 1.56 62.89 0.565
0.85 1.31 76.34 0.649
0.75 1.20 53.53 0,781
0.65 0.952 107.29 0.768
0e50 0.810 128.47 1.214
0440 9.618 161.89 1,386
0.28 0.432 231.48 2.826
0.10 2.166 645.16 54540
0.08 3.08¢ 1162.7 13.642

0,028 0.042 2380.9 26.666

L2t




Experimentsl Conditions:

TABLE ZAXIII

EQUILIBRIUN DIALYSIS STUDIES OF THE {HP~W}-(M)$¥5¥E¥

Idertical with Teble XXX exospt that PVP-DE0 was utilized (36.5%.).

INITIAL DYE r (X 102) 1 1 (x 1074
COECERTRATION (see text) T (B78) free

I¥ UTSIDE

srcTION (X 10%)

5.0 5.402 29.39 0.05¢

2.5 2.468 40.77 0,136

1.0 1.378 72.57 0.4885

2.85 1.2890 77.58 5.633

2476 1.112 59,66 0.634

0.65 0.970 103.08 0.807

0.80 0e723 138.31 0.998

0.40 0.652 153.42 1.638

0.26 0.348 287.68 1.887

9.10 0.143 699.79 4.902 .
.06 0.067 1484.7 9.050 @
0,926 0.037 2711.1 £20.576




TABLE XXXIV
EQUILIBRIUM DIALYSIS STUDIES OF THE (PVP-D90)-(BPB) SYSTEM
Experimental Conditions:
Identical with Table XXX except that FVP-D90 wae utilised (4%C.).
I¥RTIAL DYE r (x 102) 1 1 (X 10-%)
i ’ S
SECTION (X 10°)
5.0 4.450 22.23 0.064
2.5 3.269 30.60 0.175
1.0 1.596 : 62.66 04590
0.85 1.859 73.58 0.697
0.75 1.207 82.85 | 0.800
2.65 1.081 | 92.51 0.990
0.50 0.800 126.00 1.187
9.40 0.659 161.74 1.5678
0.25 0.430 2352.72 2.787
0.10 0.1685 604.96 6.349
0.08 0.085 1183.48 13.458 §
0.025 0.068 1712.3 24.875




TABLE XXXV

EQUILIBRIUM DIALYSIS STUDIES ON THE (PVP-D9O)-(BPB) sYSTEM

Experimental Conditions:

Identisel with Teble XiX except that PVP-DS0 was utilized (36.5%.).

INITIAL DYE r (x 102) 1 1 (x 1074
COMCENTRATION (ses text) r free

IN OrYSIDE

SECTIOR (X 10%)

5.0 3.910 25.566 0.069

2.5 | 2.740 36,50 0,146

1.0 1.351 73.48 0.457

0.85 1.360 79.36 0,810

0.75 1112 89.26 0699

3468 0.946 106.67 04775

0.50 0.849 117.86 1.008

5.40 0.655 162. 567 1.567

0.25 0.398 251.06 2.360

0.10 0.15¢ 849.55 5,526

0.08 0.077 1305.4 10.958 g
0.025 0,038 2645.5 21.367
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