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CHAPTER I
INTRODUCTION

The last four year has witnessed a replid growth in the
field of ionography. There have been approximately three
hundred and forty papers published in this period of time, yet,
of sll these publications only & few have been quantitative in
nature. The need stil) exlsts, as it did four years ago, to
investigate certain phases of the quantitative asspects of the
technigue. In only two lsboratories have investigators been
intereated in mobility determinations and none have achieved
values for mobilities which approasch tiv se determined in none-
atabilized electrolytes. Little work has been done on the direct
determination of the amounts of materisl present in the various
gones at the developed lonogram, and only one worker has used
an sutomatic scanning device. No attempts have been made to
determine whether molecular welght determinations can be made
using the technique of lonography or any modificetion thereof,

The purpose of thia dilassertation was to study, experiment-
ally, these quantitative aspects of a most important problem.

A method by which free solution electrophoretic mobllities
can be spprosched, using ionégrnphy, is given. A method for

1




2
the direct scanning of lonogrsms to astimate the mounta-.ar
verious substances present is presented. A system will be
described which sppears theoretically to offer an spproach to
the determination of molecular weights, The system was tested
experimentally and found to hold for at least one series of

compounds,




CHEAPJER II
HAOBILITY DITERMINATIONS

A grest mess of wWOrk has been doneg In tike field of paper
gleoctrophoresis., Most of iLie work hes been of a resolving or
preparative nature, andc sll but 8 few workers have ignored the
measurement ol mobllities, Mobility msy be dellined as the
directed Brownlan movement of & particle in solution due to the
lamposition of an electrical fleld, or 1t may be consldered as
the movement per unit slectrical force per unit time, It is
classlcoally tiuought of ag the movement & particle undergoes
in solution, in centimeters in & potential fleld of one volt
per centimeter, in the course of one second, However, none of
these definitions glves an exact idea of the physical reality
of mobllity. First they give no insight into the variance of
mobility with a change in the indifferent ions in the sclution,
nor 4o they glve any 1dea a2 to the accuracy of such measure=-
ments by the instruments presently avallapvle, Thus we must
first consider some of these difficulties before we can dlscuss
the determination of mobilities in peper electrophoresis, or
fionography es McDonald, Urbin, and Williemson (62) have nsnmed

this adaption of slectrophoresis in stebilized media, Also
3




L
since the moblility work to be dlscussed in this dissertdtion
is to be compared tc mobilities calculated from non-stabilized
moving boundary electrophoreesis it 1s necessary to consider
some ©of the insccuracies found in this method of messurement,

It 18 not the purpose here to conslder moving boundary
electrophoresis in its entirety, but rather only insofar as
errors are introduced in the e#lculn%ian of mobilities. The
method of studyling mobllitles in the classicsl moving boundary
method 1s well demonstrated by Tiselius's method (82). The
system is essentislly a U tube method using the refresctive
index or the scsnning method for the detection of the boundary.
In either the refractive index or the scanning method curves
are photographed and developed to indicate pesks of electro-
phoretically pure components, This is not meant to be a
comprehensive description of the Instrument, which can be
found in s2lmost sny text on biophyslcs. The mein conslderations
here are the sources of error in cslculating mobilities. One,
concerning the cvell itself is due to the fact that the ascend-
ing boundary is moving into a sslt concentration and the
descending boundary 1s moving into s region just vacated by
the ascending boundary resulting in different mobilities for
the sacending and descending boundaries. Other difficulties
of the cell will be discussed under difficulties of all the

methods in general. An error slsc may srise in the process




5
of photogreaphing the boundaries., Development time in the method
18 critical due to film shrinksge which need not bve great to
influence mobilities of migrants which have moved less then
cne centimeter. The humen factor still remains in measuring
the boundary pesk wnlch may be easy 1n cases of concentrated
boundariss but can be extremely difficult in the case of diffuse
boundaries.

On a final analysls of moving boundary diserepanclies those
errors should be dlscussed which are genersal to &ll techniquos.‘
including those in stabilisged electrolytes. One of these is
the dependence of moblility on the buffer lons per se; that is,
it is noted thast if pH, ionic strength, and all other factors
ere held conetunt and only the type ¢f buffer used is varied
that different mobilities will be observeds This would seem to
indicate a reaction of the buffer with the so called indifferent
ions., This has been such a factor that mobllities as s physical
chemiceal index lose mueh importance unless a standard buffer
qyut.m be set down. Also the fact that 1t 1s physically
impossible to achieve the same conductivity for the migrant ss
for the buffer solution indicates snother source of error in
mobility measurements,

Errors also exist in stabilized medla, many of which are
the same, suoch as those due to the buffer, Others are unique

to the system itaself such ss the introduction of a non-moblle
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campoﬁent to the system, the stabilizer itself, This latter
factor has been comprehensively treatdd by Marbach (52). It
becomes obvious that fonograpiy cannot be expected to compare
more favorably to the moving boundary method than the moving
boundary method does to itselif; that 1s the inherent errors in
the system of measuring mobilities make an error of ten per
cent wel). within experimental accuracy.

At this point it becomes necessary to defend the concept
of mobility lest it seem completely meaningless. Under defined
conditions, that 1s, set buffer specifications, mobilities
can be determined with a ressonable sccuracy. Mobility
measurements aid In determining the elsctrophoretic homogeneity
of & aystem, They provide an excellent method for the determina=-
tion of 1scelectric points, or lsolonic points. Also they enable
one to study the effect of the buffer system updn a partiocular
substance,

Mobility determinations on psper may be thought of from
different aspecta. McDonald and co-workers (51,53,54,55,56,57,
58,59,60,63,64,65,79,86) have emphasized the importance of
fonographiic mobilities. The criteria for lonographic mobilities
is a linear movement with respect to both time snd potential
gradient. However, as demonatrated by Marhach (52) these are
necessary but not sufficient to define ionographic mobilities.
Acgording to Marbach the mobility is dependent upon the ratio

of electrolyte to pasper as well as the factors of potential
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gradient and time. Therefore, mobilities must, to be reported
as mobillities, be determined under a known equilibrium of
puffer to paper, The work to be presented here 1s in confirma-
tion of this general hypothesis. Marbach (52) has given further
emphesis to lonogrephic mobilities in his work to"convert',
rather than correct as did Kunkel and Tiselius (39,83,84),
these mobilities to unatabilized moving boundary mobilities,
The distinction here is quite important since to correct
indicates that the lonographic mobilities are wrong, whioh 1is
far from the case, rather they are not in most cases identical
with the free solution mobilities. It 1z part of the purpose
of thies dlesertation to show that free solution mobilities can
be achieved using the Ionograph without the necesssity of using
a conversion factor,

& few researchers have been interested in correlating
ionographiec mobilities with free solution mobilities. Kunkel
and Tiselius (39) have attempted to correct psper electrophoretic
mobilities to those cbtained in non-stabilized slectrophoresis,
According to Xunkel and Tiselius the exprsasion for fleld
atrength or potential gradient, is not squal to the current
flow through the paper, divided by the cross sectional area
times the specific conductivity. In other words they say that
the potontial gradient measured from one end of the paper atrip
to the other is not a "true"” measure of the potential gradient,

This basically is e contradietion of Ohm's law as pointed out
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by Marbach (52). Merbach found that there ls no need tosexplain
this baslic Inequality, of Kunkel and Plselius, by using "s
tortuous channel™, In their experiments Kunkel and Tiselius
uaéd the specific conductivity of the buffer solution instead
of the specific conductivity of the buffer-paper system, MMarbach
on the other hand, used a speclally constructed conduetivity
ceil in which he messured the conductivity of the buffer-paper
system, He regarded the decresse in cnnductivity of the buffer
ag 2 decrease in the thermodynamic activity of the buffer ione
due to the presence of the paper fiber., That this hypothesis
is sound, from a thermodynamic point of view, bacomes evident
when the affect of an incresse in mess in e solution upon the
electrochemiocal potential of the indifferent lons is considered,
It should be mentiocned here that the hypothesis of Kunkel and
Tiselius and that of Marbach both work experimentally; however,
the hypothesls proposed by Kuhkal and Tiselius must be considere
ed as an empirlical converslion factor while that proposed by
Marbach 1s on sound theoretical gr-unds, Ancther treatment of -
"mobility® which should be mentioned nere 1s that of Macheboeuf,
and assoclates (47,49,50) in which use is made of an spparatus
of the type described by Durrum (1lh). Essentimlly this consists
of two tumblers, covered with lucite plates which éoal their
tops and support sn inverted L-shaped glass rod. The horizontal
portion of the glass rod served to aupport the apex of the
filter paper strips, which were draped symmetriocally over it,




9
with tis ends of the strip passing through slots in the’Lucite
govers and extending into the d»uffer solution in the tumblers
below. A thiird tumbler weas inverted to cover the paper draped
over the glass rod and a spot of test solution spplied to the
paper at the apex. A potentisl was then applied scross the
carbon electrodes which were inserted directly into thes tumblers
containliig the buffer solution. Instead of trying to eliminste
or minimlize evaporation of water from the buffer solution on
tie paper strip during the courase Qt & papar electrophoresis
sxperiment Hachebosuf attempted to regulate and use tuls
phenomenon to advantage. As previcusly mentioned his apparatus
was similier to that described by Durrum (li) except that at
the sides of tue peper strip he replaced the top tumbler with
a8 protecting sbhleld wizloh was perforated to allow regulation
of bvaporntion. The top of this shield however, wes left
unperforated and was made of asbestos to absordb any water that
condensed there; the purpose of this design wes tc offset
the possiblility c¢f water falling back onto the paper surfeces
as droplets, after it had once eveporsted. Under these con-
ditions, then, there sre itlree factors which must be considered
during the electrophoresis experimentasi (1) e, the electro-
phoretic displacement velocity of en 1qn with respect to the
water thet surrounds it, (2) e, ihe veloclity of the displacement
of water due to electroosmosls, enc (3) ©, the velocity, at a

point x, of the displacement of water ooccaslioned by evaporation.
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Since water moves up into the paper from both ends to replece
that which is evsporated, there 1is obviously a lateral line
through the paper along which the liquid flow is zero. If there
were no electroosmosis, this line would be midway between the
two ends; the effect of electroosmosis, however, shifts the
line of szero liquid flow towird the negative electrods, If V
represents the total velocity of an lon with respect to the
peper at a point Xy then V = ¢ ¢+ ¢ + E, If the pH of the
buffer solution is highar than the isocelectric point of an
amphoteric uigrant, then the migrant will move toward the posi-
tive slectrode, that is & 1s positive, As» stated above the
effect of ¢ is negative and E 1s negative in thet portion of the
paper between the line of zero liquid flow and the positive
electrode and positive between the zero flow line and the nega-
tive slectrode. The value for e is constant, es 1s the value
8 for any partloular specles of migrant. The asbsolute value E
increases proporticnately as the distance from the line of zero
flowe Thus, & sufficient condition, at any point x, for zero
ion velocity with respect to the paper 1s E ¢+ ¢ = ¢, Under
these conditions then, sach protein species comesto rest at a
characteristic point along the paper electrophoresis disgram,
depsnding on the velue @ for each species. The value of this
technique cannot be in obtasining mobllities since Macheboeuf's

evaluation is certainly not whet 1s usually meant b mnb%lity;
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nowever, 1t may have some value, though. the adventages.over
the horizontal strip methods are few and the disedvantages are
meny.

The method used by the author to determine the lonographiec
mobilitles reported in this dissertation is that of MeDonald,
and aszsoclates (53,58,62,63), or dbaoriptively. it &s 3 system
of horizontal paper strips in a closed system. A photograph
of the inatrument 1s shown in figure 1., A schemetic dlagrem of
the instrument %s given in figure 2. Briefly it may be deacridb-
ed as follows} Paper strip, F. 1s held horizontally in frame,
J; the end clemps, E, are movable, thus allowing for variable
length paper stripe or wide sheets; 1if necessary the end clamps
may each be reversed in position and glass plates of any desired
length placed on the frame. In any case, the ends of the paper
strips or sheets dip into the buffer solution eontained in the
buffer vessels, E. These, in turn, urnieonnnﬁtod by means of
the inverted U-tubes, C, to the cl&etroda vessels, D. The
U=tubes are filled with agar-stebilized electrolyte solution,
Platinum slectrodes, A, which ars connected to a regulated
source of electricel power, dip into the elesctrode vessels,

The solution level in each of the buffer vessels, E, is maine
tained st a constsnt height throughout a run, by s glass siphon
tube, L, of small bore whose ends dip into the buffer soclution.

(The siphon is optioneal and ss will be shown later may well
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prove to be an undesirsble factor in mobility work. Marbach {52)

has derived a phenomenclogical aquatién for the effect of the
siphon, that is, his equetion demonstrates the effect of hydro-
gtatic pressure on electroosmosis., It would be expected that
electroosmosis remains at a maximum with the siphon in place;
without the siphon however, if sufficient time is allowed before
beginning a run, for equilibrium - conditions to be reached as
regards the moisture content of the paper = electroosmosis be~
comes & minimum). KExcept for the electrode vessels, D, and
salt-bridges, C, all components of the apparatus are inclosed
within the contsiner, K, which is covered by the 11d, B. The
migrant 1s sdded to the paper atrips as a thin stresk at right
engles to their length, by mesns of & micropipet. The open
space within the container is mesintained et a minimum by proper
design of the apparstus, end by pouring water into the sontainer,
K, up to the level of the buffer vessels, Liquid can be ocircu~
lated through the walls of the double walled chamber to maintein
a constant temperature. The platinum electrodes and electrode
vesssls are separated by means of agasr salt-bdbridges, from the
buffer vessels into which the ends cof the psper strip dip, thus
protecting thes migrating material from unfavorable pK changes
due to acoumulation of electrode products.

Normally for lonogrephic mobllities the oriteria that must
be satisfied sre that the section of filter psper through which
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the migrant moves must be ressonadly uniform with rcupoét to
water sheath, lonie composition, potentiml gradient and temper-
ature. An indication of sufficient uniformity, as regards these
factors 1s a consistent milliasmmeter reading, as well as a
linear movement of the migrant with time. For low ionie strength,
that 1s 0,01 or less, this method of obtaining mobilities is
excellent. However, to approach free solution mobilities these
conditions are not sufficient, since at low fcnic strength vealuea
of the buffer, the factors which tend to make lonographic
mobllities differ from free solution mobllities become larger,
An example of this is the fact that as the ionic strength ls
lowered, electroosmosis tends to become larger, or the propor-
tionate effect of the paper on the indifferent lons becomes
greater in these solutions.

Therefore, with the above in mind aampxdu of varlous
proteins, slong with thelr free solution electrophoresis patterns
s Were procured from Armour and Compeny, Chicago, Illinols.

Hereafter in this dissertation these mobilitlies will be
refered to as the Armour values, rather than using the seaqui-
pedalian phrase of free solution eleetrophoretic velues. The
proteins obtained werej bovine serum albumin, Armour value
6.66 X 10”5 em/sec/volt/om, in veronal buffer, pH 8.6, ionic
strength 0.1, end run at h°c; beta lsctoglobulin, Armour value
.62 X Zt.O"S em/sec/volt/em, in phosphate buffer, pH 7.7, ionle
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strength 0.2, and run st 4°C; egg elbumin, Armour value’5.69
X 10-5 om/sec/volt/cm, in phosphate buffer, PH 7.7, lonic
strength 0,2, and run at hPc; bovine gamma globulin, Armouf
velus 1.5 X 10°5 em/sec/volt/om, in phosphate buffer, pH 7.7
{onic strength 0.2, snd run at 4°C,

An important fector in determining mobilities is the
wattage, that 18, amperes times volts, which must be dissipated
slong the strip usually elther by convection, or evaporation.
With a desire to keep the wattage factor low an operating
potential gradlent of two volts per centimeter was chosen.

The buffer conditions were essentislly the ssme as those used
‘in the free solution determinations and the tsemperaturs was
u°c. The length of the strips from buffer vessel to buffer
vessel was fifty centimeters. No great variation in strip wete
ness was noted as the ratio of buffer to peper (E and D number
613) remained constant within experimental error giving a ratio
of 2,20 to 1,00, However, it was noted thet the migrants d4id
not move linearly with time, for as the length of an experiment
increased the movement per unit time interval decressed with
time, Now 1f evaporation were too great it would be expeoted
that a decresse of mobllity with time would result. The decrease
in mobility would not be expected to be & linesar function with
respect to time., Neverthelsss, on ploting the mobility, figure

3, for bovine serum al?umin it was found that a fairly linear
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pelationship resulted up to twenty eight hours. From a thAeoret-
iecal consideration it was now thought that an extrapolation of
mobility versus time to zero time might approximate the Aprmour
value,

Briefly, the reasoning was thist the decrease in mobility
with time would moat probadbly be due to evaporation and a
washback effect of buffer coming up the psper strip from the
buffer vessels, Evaporation necessitates a drying effect, if
the buffer evaporated is not replaced by en equivalent amount
eof buffer from the end vessela, Now since no great change in

ne "buffer to pa?or" ratio took place, it could be said that
while evaporation occured the ef'fect was such that the evepo-
reted water was replaced by an equivalent amount of water from
the end vessels. Replecement of the evaporated water daflnitoly
seems to have teken place, since a fairly linear relstionship
resulted in plotting mobility egainst time. Thus the extrapolae
tion to zero time gave an ionograsphic mobility of 6,40 X 10'5
cm/see/volt/em, which most certainly is within experimental
error of the 6.66 X 10~5 em/sec/volt/cm given by Armour. Next,
& phosphate buffer system of pH 7.7, ionic strength 0,2 wes
used, to study egg elbumin, beta lactoglobulin, and gamma
globulin., The experiments were run at L°C using a paper strip
length of fifty centimeters. Agaln as was noted in the cese of

bovine serum slbumin a non linesr relastionship of movemont
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with time resulted. However, a plot of the mobility of these
proteins sgainst time gave fairly linear plots, with the oxcep=
tion of gamme globulin whose mobllity is too low to give any
accurste results in an experiment of this type. The extrapolstior]
of the mobility versus time curve, figure l, of egg salbumin
gave an lonographic mobility of 5,88 X 1()"S om/sec/volt/em
which was within the experimental error of Armour's value of
5,69 X 10~° em/sec/volt/em, In the case of bsta lactoglobulin
the extrapolation of the mobility versus time curve, figure 5,
gave an lonographiec mobility of 5,80 X 1079 cm/sec/volt/cm
which once sagsin was certainly within the experimental error
of Armour's value of 5.62 X 1075 o/sec/volt/cm. A comparison
of the extrapolated lonographlc values with those obtained by

Armour are given below,

Protein Armour Mobility Extrepolated Ionographie
in cm/sec/volt/cm Mobility
in om/sec/volt/cm
Bovine Serum Albumin  6.66 X 10~> 6.40 X 1075
Beta Lactoglobulin g.62 X 10-5 ' 5.88 x 10'5
Egg Albumin 5.69 X 10°5 5.80 X 1075

The major result of these experiments wes a demonstration
of the feasiblliity of getting free solution mobilities using
the Ionograph. It is reasonable tb assume that 1f one can

extrapolate back to zero time and schieve free solution mobilitigs
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then perhaps conditions exist which sllow the calculatién of
these mobillties direoctly., It was thought thst two factors
% would aid in achleving free solution mobilities, FPirstly, a
decresse in the wattage expended which would be sccomplished
by decreasing the voltage since the wattage 1s equal to the
product of the voltage and amperage. Seccndly, & deocreese in
the length of the paper strips was masde. As to the firat
factor of wattage, a decrease of one quarter in voltage would
result in one quarter ampersge decresase or & oné sixteenth
decrease in wattage. This of course means a decrsase in the
svaporation., Therefore, the rapiacemont of eveporated buffer
is a minimum a8 13 1its effect on the moblility of a migrant.
As to ths seocond factor, shortening the paper strips from
rifty centimeters to twenty centimeters means sn added decrease
in the washbeck effect. This is so since less water will travel
up the strip aimply because there is less strip to keep wet.
These conditiona are empirically defined, since 1t required
several unsuccessful experiments before they were achieved,
Under the condition of a potential gradient of one half
volt per centimeter, using a veronal buffer pH 8,6, fonie
strength 0.1, at h°6 end allowing an equilibrium time of
twelve hours the migration of bovine serum albumin was studied.
The passage of sufficisent time for equilidrium to be established

was found to be critical; twelve hours was chosen partly for
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convenience, since it permits en experiment to be set up ®nd to
equillbrate over night. The time of the experiment weas varied
from 8ix, twelvo; eightesn, and twenty four houra. From the
results 1t was evident that the movement was llinear with time,
glving a mobility for bhovine serum albumin of E.9L X 10'5
om/ssc/volt/cm. This result was well within the expsrimental
error for Armmours value of 6,66 X 10°5 em/sec/volt/om. It
should be stated here that the variation in ilonographic
mobilities for all the proteins studied was adbout 0,30 X 105
om/sec/volt/em, which is mueh hetter than the ten per cent arror
found in calculating mobilitlies in free solution electrophoresis,
gsince the deviation would in this case be 0.67 X 10'5cm/sso/§oit/
em. The experimental conditions for the beta lactoglobulin
studies were a phosphate buffer pH 7.7, lonic atrength 0.2, at
u°c and allowing en equilibrium time of twelve hours. The time
of the experiment wss varled from six, twelve, eighteen, and
twenty four hours with a resulting linear movement of the
migrant with time. The celculated mobilities geve 5.60 X 10'5
em/sec/volt/em, with a deviation of 0,39 X 10'5 en/sec/volt/em.
The Armour value 18 5.62 X 10“5 om/sec/volt/eme The fact that
these particulsr values are so very clcse must neceszsarily be
considered fortuitous since the experimental error involved in
any msthod of meanureﬁent would belle such reproduclibllity.

The next protein studied was egg &lbumin in & phosphete duffer,
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pH 7.7, lonle strength 0.2, at u°c and sllowing an equilibrium

time of twelve houra. Experiments were run varying the time
from six, twelve, eighteen, and twenty four hours with 2 result-
ing linearity of movemasnt with time. Mobilities caloculated for
egg 8lbumin were 5.86 X 197 -5 om/sec/volt/em, with a deviation
of 0.30 X 107 -5 em/sec/volt/om, This also compared well with the
Armour value of 5.69 X 10~5 em/sec/volt/cm. The next protein
studlied, namely gamma globulin, presented the rsal challenge.
Of all the materials Iinvestigated thls was expscted to present
the greatest difficulty. Gamma globulin was atudied 1in a
phosphate buffer, pH 7.7, lonle strength 0.2, at u°c, allowing
sn equilibrium time of twelve hours, Due to 1its small movement,
twenty four hour runs were the only ones made on 1t. A mobility
of 1,51 X 10™5 om/sec/volt/em, with e deviation of 0.30 X 107>
om/seo/volt/em, was obtained; this compared favorably with
Armour's velus of 1.5, X 10”5 om/sec/volt/ems A comparison of
the dirset 1onographlic values with those obtained by Armour are

glven below.
Armour Hobili/y Direct Ionographic
m

Protein in cm/sec/volt Mobility
-5 in om/aec /volg/em
Bovine Serum Albumin 6.66 X 10 6.9 X 10
Bets Lactoglobulin g,62 X 10°5 5,60 X 1975
Egg slbumin 5.69 X 105 5,86 x 1075

Bovine Gamma Globulin 1.54 X 10'5 1.51 X 10'5
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aglbumin, bata laectoglobulin, sgg albumin, and gamma globulin
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In summary, the mobility of four protains, hovine sdrun

were determined by means of the fonographic technique. It was
found that under certsin speciflc conditions the mobility values
ggreed, within experimental error, with tihose dstermined by the
moving boundary method in non-stabllized electrolytes.

Actually the results make the method appear mach better
than it reslly 1s., It is a long procedure, requiring anywhore
from twenty four to thirty slx hours to determine mobilitiss,
It must be carried out at around four degrees centigrade and
the attainment of equilibrium conditions as regards the
moisture content of the paper strip, before applying the migrant,
seems to be shsolutely necessary, The length of the strip,
twenty centimeters, has certain advantageous features, in as
much as 1t is a very convenlent slze to work with on the
Ionograph, However, ths resl problem 1s the "wetness" of the
strip. At pressnt the strips are wetted by allowing the buffer
solution to flow on the strip from a pipette. Thls procedure
18 certalinly not 1deal, since the wetness from strip to strip
will vary rogardless of the care taken in applying the buffer.
0f course the equilibrstion time of twelve hours allows the
equilivrium wetness - a ratio of buffer to paper, of 2.20 to
1,00, by welzht - to be approached., A series of criteris are

given here which must he met if meaningful mobilitles are to
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pe caloulated using this variation of the lonographic tedhnique.
(1) The buffer conditions such as pH, fonic strength, and proper
temperature must be right - as described earlier in this chapter.
(2) The voltage must be low, uolal to reduce evaporation to a
minimum, The voltage given here, of one half volt per centimeter,
may be an upper limit, es & voltage of one volt per centimeter
has been shown to be too high. Enough time must be sllowed for
the experiment, to permit sufficlent migration, in order to
avoid potentially serious errors in measuring the distance of
migration. (3) The strips must be brought teo & proper wetness
by & good procedure of wetting, and a sufficient equilibration
time., The criteria for determining proper wetness are: (a) a
cheok of the constancy of the "buffer to paper” ratio, which
should remain constanti (b) the mobilities to be achieved on
three distinct portions of esch strip. This 1s done in the
following manner. The strip is markud at & point midway between
the buffer v;uoéls, and at points three and a half centimeters
on either side of the midway point. Migrant is applied at all
throo.points and if the migretion distance of all points lis
not within experimental error the determinstion is discarded,
The reason for discarding these experiments is that there 1s
obviously another factor affecting the movement besides the
potentisl gradient. In most of the experiments whioh were
discarded the migrants from the two end points would move in




27
goward the midway pointj this can be interpreted only as a
water shift, which most certainly invalidates any calculation
of mobllity. The moast glaring weakness in the method is the
necessity for maintaining the level of wetness above a certain
eritical level.

A study was also made on the effect of the nature of the
psper on the mobility of a migrant., Three types of paper were
studied, namely Eaton and Dikeman numbers 613 and 248, and
Cremer and Tiselius Munktells. The buffer to paper ratios
were calculsted in the following msnner. The lonograms, were
allowed to equilibrate from two to twenty four hours. The paper
strip was then removed from the Ionograph and weighed on an
anslyticsl dbelance. The weizhing bottle and strip were then
dried in en oven at 1io°c for three hours, The weighing bottle
was cooled and weighed again; subtraction of this weight from
the first value gave the amount of water contained in the psper
strip. The dried paper strip was then weighed in snother weigh-
ing bottle of predetermined welght. By dividing the welght of
the water by the weight of the paper the wetness ratios were
caloulated. The following were the ratiost

Paper Ratio
Eston and Dikeman number 613 2.20
Eston and Dikeman number 2,8 1.80

Munktells, Cremer and Tiselius 2.20
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No large variations were found in the wetness after & two hour
equilibration time. The deviation was found to be about plus
or minus 0,05 in the ratio of buffer to paper. These results
cannot be interpreted as indicating that a two hour equilibrium
time alone 1s a sufficlent e¢riterion on which to initiate
mobility studies., An additional oriterion, namely "unifomrm
movement of the migrant in three different spots on the strip"
must also be met, It was interesting to note that the uniformity
of the wetness, e&s the portion of the atrip cut out to calculate
the wetness ratio was varied, held rather well, In some cases
smaller portions of paper were removed and no serious variation
resulted when comparing these ratios with those from longer
portionas of the paper strip. The buffer conditions for all
strips were the same, namely, a veronel buffer, pH 8.6, ilonic
strength 0.]1, and the temperature of the experiment hPG. The
total length of the strips, from buffer vessel liquid level to
buffer vessel liquid level, was twenty centimeteras. The potentilal
gradient was one half volt per centimeter,

Attar determining the wetness ratios for these different
papers, & study of the mobllity of bovine serum albumin on
these same pspers was undertaken. The bovine serum albumin had
an Armour value of 6.66 X 10~5 eam/sec/volt/om. The duration
of the sxperiments were varied from six, twelve, and eighteen

hours, with all papers ylelding a linesr movement with respect




29

-

to time. The results of these determinations were:

Paper Ratio - Mobility

' in om/sec/volt/cm
Eaton and Dikeman number 613  2.20 6.94 X 1075
Eaton and Dikeman number 248  1.80 3.90 x 1075
Munktells, Cremer and Tiselius 2,20 6.9 X 10~5

It 1s not the purpose of this dissertation to mske a definitive
determination of the effect of the effect of wetnesa, since
Marbach (52) has made a comprehensive study of this subject.
However, it is interesting to note that the wetness ratio of
the Eaton and Dikemsn number 613 and the crumob and Tiselius
Munktells were the same and the mobillity values of bovine serum
Talbumin obtained when using these peapers were also alike, On
the other -hand, the Eaton and Dikeman number 248 had & compara-
tively lower wetness and showed & correspondingly 1oﬁcr mobility
value,. V |

The wetness factor in relation to mobility is an important
one,. and one which has for the most part been overlooked. It
is obvious that mobility measurements d0pdnd heavily upon the
wetness ratio. What the lower limit of this ratioc is would be
vor& 1ntoruu£ing to know, but 1ts determination seems next to
impossible since almost any method used 1is fraught with srror,
It appears to be a case of s cat chasing its tail. Regardless
of this the most important conclusion to be reached here is that
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a proper wetness can be obtained using certain paper, thumse’
affording conditions under which mobilities cen be calculated
which compare favorably with those determined in none-stabilized

elsctrolytes.




CHAPTER III
THE AUTOMATIC SCABNING RECORDER

This chapter will concern itself with a discussion of the
recording scanner itself, and the following chapter will deal
with the theory, literature, and use of recording scanners,

A photograph of the Automatic Scanning Recorder manuface
tured by W.M, Welch Co., Chioago, Illinois, 1s shown in riguru
6. Essentially the unit consists of six components: (1) a Bausch
and Lomb grating monochromatori (2) the Welch blue sensitive
photoelestric probe; (3) the Weloh designed motor driven feed
system made to accommodate paper atrips; (L) the Welech Densichron
amplifying uniti (5) the Weloh logarithmic am#lifiarﬁ and (6)

a Brown Electronik strip chart recorder,

The unit was specially designed to make direct messurements
of materials on filter paper strips. The instrument will be
described here, with the emphasis being on the features which
make it perticularly adaptable for the measurements it was
designed to make. The first unit’or the instrument is the
Bausch and Lomb grating monochromator. The unit is made so that
dirfornnt light sources can be used, such as a meroury arc

31




Figure 6

The Automatiec Scanning Recorder
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or 8 tungsten filament. An entrance slit permits adjustmeht of
ghe width of light entering the grating system; it can be varied
from zero to one centimeter. The grating in the instrument is

of the reproduction type blazed for the ultraviolet of the first
order. There 1is overlepping of orders which is characteristice

of any grating system. All lenses in the aystem are quartz and
therefore transmit energy throughout the scale range., As a wave
length ocontrol allows & chopplng of the spectrum, it should be
goroed and calibrated. The exit slit permits adjustment of the .
band width of the spectrsal lines desired. The purity of the
light emerging from the exit slit is controlled hy the basic
disperaion of the system and the widths of the s;its being used,
One hundred per cent purity ean be achieved only if a dlscon-
tinuous light source 1s used, such as & meroury arec source, If

a8 continuous source 1s used one hundred per cent purity can
never be achieved, as in the case of the tuﬁgntnn filsment
source., Upon leaving the grating system the light is then focused
through & quartz lens on a slit of six millimeters in length

and one millimeter in width, The paper 1s guided past this slit,
whose slit length permits the use of paper of eight millimeters
width, A motor-driven feed system pulls the peper past the slit,
the motor speed is mechanicaelly synchronized with the rollers of
the strip chart recorder, Holding the psaper against the slit

is the Welch blue sensitive photoelectric prebe. The
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pnotoelectric probe is the heart of the instrument and requires
K;gcial conalderation.

One of the difficulties asscciated with the use of photo=-
electric cells as radiation detectors results from the emplifie

cation of the direct current, DC, space current which flows
stween the electrodes of the cell. The current may be as low

as 10"12 amperes and it is directly proportional to the light
flux ineident upon the cathode of the phototube. If DC amplifie
cation is used thers rosglta an instablility caused by a sero
drift which mekes frequent recalibration necessary. The problenm
then, is to modulate the space current so that alternating
curroent, AC, amplification may be used, since AC amplifiocation
is very stable. The Densichron magnetic-modulation ayastenm
convon&nntly provides & solution for the problem of amplification
by modulating the space ocurrent through the use of sn alternat-
ing magnetic fleld., Essentially the system is this. A quantity
of light will strike the cathode of the phototube and release

& proportionate number of electrons. These slectrons will flow
steadily to the snode 1f the asource is constant, but in order

to use an AC emplifier they must be converted to sn AC signal.
The phototube is, therefore, placed in a magnetic fleld produced
by an alternating current. The result is that when the magnetic
field 18 & maximum, the electrons will not flow in the phototube

from the cathode to the anode. Thus an alternmating current
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output results from the phototube which is directly proportion-
gl to the 1light Intensity. This in turm permits the use of an
AC amplifier of extremely high gain, thus avolding the instae
pility of a DC smplifier.

The AC current from the phototube is then amplified by
the Welch Densichron amplifying unit., Now since ths light being

O

transmitted by the phototube, due to Beer's law, is a logarithmi
function, the next stage of amplification 1z a logarithmic
amplifier, This is another important feature of this instrument,
The logarithmic amplifier chenges the logarithmiec function to
a linear funotion, Lastly, the amplified current is fed from
the logarithmic amplifier to the Brown Electronik strip chart
recorder,

The purpose for which the inastrument has been developed
i1s to relate the concentration of a material on filter paper

with the optical density. Briefly from Beer's law:
1 I
B ¥ = =ke¢
4]

where,
I is the amount of light passing through the
substance Iinto the photoelectric tube,
Io 13 the amount of light incident upon the aystenm
=k 13 a constant which is a function of wavelength,

and of the lesngth of the path of light as it passes




36

through the substance “
¢ is the concentration of the substance through

whioch the light pasases.

1t would be expected that a linear relationship would result

petween optical density, =log I/Io, and concentration o, However,

i1t should be remembered that Beer's law is & limiting law,

having i1ts best results in dilute solution, and depending for

its appllicability in all sclutions upon the homogensity of the

systam through which the 1light passes. It was with these facts

in mind thet the 1nstrument was to be tested as to its abillity

to respond to a homogeneous systen.

The system chosen to check the Instrument was as follows.
Cellophane which was homogeneously coated with gelatin was
procured from Ansco, 3ingamton, New York, emulslon number
C 18628~J3, The gelatin was then out Into a section elght
inches by five inches. Tnls section was then dyed in a 1%
solution of brom phenol blue dissolved in 95% sthyl alcohol
which 1s ssturated with mercurle chloride. The dyed gelatin was
then wasned using a saturated solutiocn of merecuric chlorlde as
the wash and keeping the brom phenol on the acid side by washe
ing with dilute hydrochlorlic aclid. After the gelatin seemed to
retain & certain minimum amount of color, noted by the fact
that no brom phenol appeared in the wash solution it was air

dried. After drying the section was cut into strips seventeen
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gentimeters long and one centimeter wide; this gave twelve atrlﬁn
of these dimensions. The strips uoio then checked on the auto-
mstic scanner for homogeneity of dye uptake by the gelatin., It
was noted that the optigal density of a single strip was 0,1
optical density units. The consistency of the readings on each
strip and from strip to strip was very good. It was of course
fortuitous that the optical denslity for sach strip came out
exactly 0.1 optical density units. Now since sach strip was
homogensous it was possible to test the abllity of the instru=
ment to measure a homogeneous system by placlng the atrips
behind each other and noting the response of the unit. The
results of this experiment are shown In figure 7. The instrument
responded excellently for as each additional strip waas added
the optiocal éonslty increased 0,1 optical denslity unit. It
could now be concluded that the instrument, if used for a
homogeneous system, could be expectsd to respond in such a

manner as to obey Beer's law.
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CHAPTER IV
- APPLICATIOR OP THE AUTOMATIC SCANNHER

The first investigation undertaken with the sautomatic
scanning recorder was to determine a suitable paper for the
studies to be made subaequently. Four papers and glags fider
ribbon (Fiberglas woven tape, continuous filament, tight-weave,
B 3/8 inoh width; 0,007 inches thiokness) were studied first
nicroscopically, and then as to the optical density varistion
on the scanner. The materials were Cremer and Tiselius Manktell,
Eston snd Dikeman numbers 248,613, end 950, and the glass fiber
of & tight weave. The microscopic examination showed the glass
fiber to have serious holes where the horizontal weave crossed
the vertical weave, Cremer and Tisellius Munktell being a thlck
paper looked very good under the microscope, as did Esaton and
Dikeman numbers 24,8, and 950, Eaton and Dikeman number 613
showed some holea in the paper under the microscope though they
did not seem to be sbundant. Strips of these materials were now
run through the soanner to observe what variations oeccured in
optical density due to the stabilizing medium itself., The
Cremer and Tiselius Munktell snd Eaton and Dikeman number 613
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showed about the same deviations, namely 0.02 optical d.&lity
anits. The glass fiber ribbon was excellent showing practically
po variation in opticsl density, The Eaton and Dikeman number
950 was the best of the papers tried, but unfortunately it binds
prom phenol blue readlly end therefore had to be discarded as
a possible stabilizing medium. The Eaton and Dikeman number 248
wdd by far the worst materlal studied since it showed varistion
in optical density of 0.04 optical dannity units. It would seem
that the two best materials, from a prsctical point of view
were the Cremer and Tiselius Munktells and the Eaton and Dikemsn
number 613. The Eaton end Dikeman number 613 wss chossn as the
stabllizing medium due to its availability in rolls of eight
millimeters width, while the Munktells came in shest form
neceasitating the use of a paper cutter to achieve the desired
widths. Thiz could later be a source of error when messuring
the concentrations of various meterials on the strips, since
the width would nct always be exact enough, aend would, therefore,
cause variations in the amount of migrant apparently present.

Since the automatlic scsnning recorder was found capable
of responding to s bomaaoncéus system, 1t was unfortunete that
the practical systems wbich were to be studied end which were
stabilized with paper were not homogeneous in nature. This
first became apparent when a solution of one gram per cent

of brom phenol blue and varicus serial dllutions of it were
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gtudied. The results of this experiment are demonstrated {n
gigure 8. It should be obvious that the system does not conform
to Beer's law and thus Beer's lasw should not be applied in this
instance. An observetion of thls curve would seem to indicate
ghat sscond order effects are important easpecially above an optie
cal density of O.i. As the concentration of brom phenol blue
increeses the reaction of photons does not apparently ocour
molecule for molecule of brom phenocl blue due to second order
effects, It may be sald that the current in the phototube is
not proportional to the concentration. It waa felt that perhaps
some relatlionship could be derived which would take into sccount
the second order effecta., The following hypothesis 1s prosposed.

the rate of absorption = kep (1)

where,

k is 2 oconstant of proportionality

¢ is the concentration of the material

P is the fraction of light tranamitted
However, we know that if § 1s the fraction of light transmitted
then 1 « B = the fraction of light sbsorbed, a, Now equation
(1) may be rewritten

the rate of absorption = ke(l - a) (2)
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rmis equation merely states that the rate of absorption of
photons 18 a funoction of the concentration and the transmitted
1ighte Now the activated mclecules willl dissipate the energy
jmparted by the photon as kinetlc energy. And we may say that

thei
rate of disslpation = k'a (3)

where k' i3 a constant of proportionality. Or more simply that
the rete of dlesipation is dependent upen the fraction of light
which has been absorbed.

In the steady state condition, the rate of absorption is
equsl to the rate of dissipation or:

k'a = ke(l - a) L)
k'a = ke = kea (5)

rearranging (5) and factoring a

af{k' + ko) = ko (6)
or,
A ki (7)

However, since o 18 the fraction which ia absorbed then:

a 100 = £ absorption = a (8)




Ly

substituting a/100 for a then: )
00 ko \
R ST (9)

maltiplying through by %;%;;

_ 100 k/k' o
a = g = (10)

Sinco both k and k' sre constants we may say that k/k' = K

and equation (10) tecomss:

100 Ke
+ A0 (11)

Equation (11) is an equation for & hyperbola and may be made

a =

linesr by the following method. Taking the reciproocal of (1l1):

it X "t (2

y= m x4+ D
Therefore, a plot of 1/a versus 1/¢ should give a straight line
having a slope of 1/100K and an intercept of 0.,0l1. This equation
fits the actual data of the brom phenol blue absorption very
well, &8s shown in figure 9. As seen in the greph the intercept
of the surve 18 0,01, Another manner in which the curve may de

made linear is to multiply equation (12) by o

o/s = 0.,0l¢ + 1/100K (13)
y = m x4+ b

A plot of this equation with ¢/a plotted against ¢ gives s
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jinesr curve ss demonstrated in figure 10. In this case the
glope of the 1line experimentally is 0,01, An important applicae
tion of this curve will be shown later when a discussion of the

jiterature is made,
An interesting limiting case of equation (11) ocours when
*|eo 18 small and 1 is very much greater than Ke¢ then:

a = 100Ke (1)

Therefore, at low concentrations the concentration would be a
linear function of ths per cent absorptlon.

Equation (1) is interesting, since it ocan alsc be derived
from Beer's law. The derivation ls briefly thls: a is equal to
1 - t, where a 1s the fraction of light absorbed and t is the
fraction of light trsnsmitted. Beer's law 1a:

ke = Optical density = = log 100t = « log 100(1 « a) (15)
and expanding (15) by a Macleurin serles:

Opticsl density = = log 100(1 = a) = a ¢ 1/2 n2¢ 1/3 ad + eoe
| (16)

or for small vslues of a the higher powers may be
neglected as an approximetion in comparison with the

first power ands

« log 100t = « log 100(1lea) = a
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therefore, for smell values of a:
a = ke (17)

gquation (17) 1s fdentlcel to equation (1l) previously derived
for small vslues of a.

A further extension of this hypothesis cen he made if the
arez under the curve ls coneldered as & function of per cent
absorption. This assurption 1s reasonsble if the syatem being
studisd consists of the same 2pread of =material on the peper;
thst i, if two different concentrations of a substance are
observed on & strip, the wldth of the bands must be the seme for
both subgtances. Further credulousness is given to the ares
being & funetion of the per cent absorbed, by an observation of
the graph of aree versus concentration, which llke the concen-
tration versus per cent sbsorbed curve, is & hyperbole, as
shown 1n figure 1ll, This curve cean also be made linear by plote
ting the reciprocel of the concentration against thn-raciprocal
of the sres under the curve, as illustrated in figure 12,

Barly work in lonography on the determinetion of the emount
of & substance present on an ionogrem ususlly invelved the
elution of the migrant from the peaper strip, followed by the
use of stendsrd procedures of analynia..Turba and Inenkel (85)
eluted the blood proteins from the paper strip after they had
been stained with brom phencol Hlue and messured them spectroe

photometricdy. Cremer and Tiselius (10), on eluting the proteins
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found that paper elestrophoresls gave results whigh aanpirtd

woll with free solution measurements, Other suthors have sucess-

fully used this technique (14,15,39). Levin and Oberholzer (L,

}5) eluted the blood proteins and determined the nitrogen of

the various fractions Dy using a Kjeldahl analysis. They also

used the dye elution method and found that both methods gave

pezults which were in satisfactory sgresment with free solution

electrophoresis., An interesting varliation of the elutlon method

e that of Homolka (29). Homolka extracted the albuains with

four millimeters of 0.9 % sodium chlorids and the globulins

with two millimeters of 0.9 X sodium chloride. 7o eachu of

these solutlons he added aqual volumes of Brdicka's colbaltic

solution and did & polerogrephic snalysis of these solutions

‘at 1.5-1,7 volts, Ee found hia method gave geood results when

compared with free solution elsctrophcresis, 3ternberg (30)

first treatsd his blood proteins with riboflavin solution,

thus causing them to fluoresce. In this way, he circumvented

the need for staining the strips, and he almply measured the

flucrescence of the riboflavin coupled protein. Latner (43)

has workad out a method of visual evaluation by the area of

spread of the fraction. Hls report on the method, however, is

fragmentary and he himself geemsa to lack confldence in the work,
Instruments on which to analyze paper strips have been

described by several asuthors in the literature. Block (5) and

Library _
Stritch School of Medicine

Tovola University
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pull, Hehn, and Dentiet (9) heve used Protevolt ﬁenaitcm@tara to
measure bpeper chromatograms, Cook, Harrls, and Warren (12) have
described en instrumert whicl. can measure the mmounts of materialg
in sny of the conventlonsl stabilizing medls, such ame paper,
galatin, starch, etec. Oriffithe (25) descrives an apparatus for
reading slectrophiorstically separsted zZones on paper strips, for
wileh ke clalms good sccuracye Latner (L1,L2) hes used both
reflectance anc absorbance messursments, concluding that absorbe
gncy messurements are much more accurate ihan the raflectance
measurements., Parke and Lavis (68) used an automatic spectro-
photometer on paper-strip chromstograms, Rottger (75) Les used
several different Instruments,

Bull, idshn, and Baptist (9) usec a Paotovolt densitometer
and calculated tce amounts of varluus amino acics pressnt on
chroastograns. Bull found thet plotting arss/concentration
against ares a linesy plot resulted, for srginine, serine,
valine, glutaaic scid, ieucine, threonine, alanine, and lysine.

Mllts squation:

A/C = =kA + k! (18)

where,

C 1s the concentration
A 1s the area

¥ ana k' are constants

ocan be relsted to equation (13). Since the area is a function
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of absorption equation (13) can be written:

C/A = K,C + K (19)

Now, on dividing (19) by ¢ snd Ky, and multiplying by A, 1t 1s
found that:

A/C = -Axé/kl + 1/k1 (20)

In other words the equation is identiocal to ths empirical
equation found by Bull., Block (5) has attempted to svaluate
some amino scids end amines on chromatograms. He found that
proline and cystine 4id not give linear results when optical
density was plotted againast concentration. His curves seem to
be hyperboles, but his main concern 4s that linesarity does not
exist. Latner (40) cleims a linear relationship of optical
density with concentrstion according to Beer's lsw, when measur-
ing slbumin and gamma globulin up to 0.95 grams per cent., Howe
ever, Latner gives no experimental data at all, and no real
analysis can be made of his findings.

MoFarren, Brand, snd Rutkowsky (66) have calculated the
concentretions of glucose and galactose on paper chromatograms.
They found e linear relationship wss obtained by plotting the
logarithm of the concentration against optical density, which
1s slready in = logarithmic form. Mathematically the center
portions of any hyperbola can be described by a log-log plot.
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Paladini and Leloir (72) have used ultraviolet absorptioh to

measure adencsine at 260 millimicrons; like MoFarren and co-
workers, they plotted optiocal density agsinst the logarithm of
the consentration, with a resulting linesr plot,

Bloek (5) found in his densitometric measurements that he
achieved linoar relationships for glycine when he plotted cone
centration against per cent transmission. The same observation
was made by Brown and Marsh (7) in their work on pyridoxine
hydrochloride, From figure 13 it is ocbvious for large vealues of
por:a.nt treansmittance, the optical density and per cont trans-
mittance are linear functions, so that what 1is linoﬁr for one
1 w11l necessarily be linear for the other. This cannot, as stated
by Brown and Marsh, be used as an exception to Beer's law, since
for very low coﬁc-ntraticns (of below rifty per cent tranamiassion
concentration would be linear with either optical density, or
per cent transmission., In most cases the data that various
workers have derived has been good. A variety of analyticel
methods were employed to describe their dats, and all have, in
the final analysis, agreed. There have however, been several
papers in which ihe author!s make stetements which they fail
to substantliate, such as the work previously mentioned by Latner
(4O), A paper by Griffiths (24) mekes the claim that Beer's law
is espplicable for messurements of serum proteins on filter paper

by making the messurements on a colorimeter. As evidence cof the
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questionable quallity of this report, it may be mentioned that
he mainteins thet Beer's law is spplicable on the basis of the
fact that when he plots transmission against the amount of serum,
he néhiovcu a linear relationship. However, on sxamining his
curve it can only be conoluded that he has not plotted what he
has sald he plotted. If he plotted transmiseion against concen-
tration the slope of his curve is of the wrong sign. It is work
of thls type which almost defies analysis,

An excellent paper has sppeared recently by Crook, Harris,
Hasaan, and Warren (1l). These suthors have used a photometer
to measure the concentrations of various dyes and the blood
proteins on filter psper. In their work on naphthalene black and
agzooarmine, they found that by plotting concentration against
opticel density a hyperbola resulted., This they made linear by
conaidering it a rectangular hyperbola. They uked 8 standard
fomm. namely plotting the reciproocsl of the photocell current
against the reoiprocal of the concentration, giving a straight
line., They, ﬁowevor, feel that essentislly their work indicates
& deviation from Beser's law, rather than the non-applicability
of Beer's law. Why they do not conslder Beer's law as non-appli-
c¢ables is not epparent, since thelr results would seem to rule
it out completely. Probsbly a very good contribution of this
paper is their use of a calibration curve for correcting high

peaks for deviation of the curve from Beer's lsw.
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Some photometric evaluations have been reported using
ultraviolet wavelengths toc analyze amounts of various materials
on paper stripa. Kimbel {33) used ultraviolet of 254 millimicrons
by putting the paper strip in front of photographie paper and
then evaluating the blackening on the peper using a colorimeter.
He also found that using & wavelength of 280 millimicrons caused
e large variation in his results. However, Bracoco (6), using |
tae Bame type of technigue as Kimbel, used a wavelength of 280
millimicrons and obtained satisfactory results, Hashimote and
porl (28), used ultraviolet of wavelength 254 millimicrons for
the gqualitative determination of flevanoids,

An importent application of this study of the amcunts of
substances present on a filter paper strip, 1s its sdaptsbility,
to the determination of slbumin globulin ratics, when used in
conjunetion with peper electrophoresis. Numerous workers have
studied A/G ratios using paper electrophoreais (1,2,3,13,16,17,
20,21,22,23,26,27,32,35,46,48,67,76,78,80,81,87,88,89,90,91).
Most of these workera have used elution methods, or if they used
photcslectric methods, have not calculated concentrations but
rether compere the albumin to the globulin on a percentags
basis. Several authors (4,37,91) have found that using standard
free solution electrophoresis and ionography comparable A/G
ratios could be csloulated. Sommerfelt (77) has reported that
he found differsnces of 2-10 % in blood protein fractions using
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paper'electrophcreais on the same sample of blood. Th.t‘clrt,
needless to say, numercus appliocations of A/G ratios.

A primary applicstion, of course, is as a clinical tool,
which 1s what most of the above mentioned authors were interested
in. For instance, Poli and asacciates (71) have studled the
effect on the slectrophoretic pattern of liver diseases, using
ionography. Boussemart and Marchend (8) have studlied the effect
of nursing on the serum proteins of en infant. Roberts and
Brunish (7,) studied t&e effect of injecting clu labsled amino
sclde into normel and hepatectomized rates. The serum proteins
from the respective animals were separated and the radiocactivity
of the components determined. They concluded thet the liver is
directly involved in the formation of albumin end slpha globulin
but that gamme globulin is not immediately dspendent on the
liver, Knedel (3h) used paper slectrophoresis to study the
reaction of drugs on the Qarioua proteine in the blood, Koiw
and Gronwall (36) mede a study of the protein bound carbohydrates
uging fuchsin sulfite solution which caused the protein bound
carbcnydrates to appear as violet-bands. Hugentobler, Wunderly,
and Schneider (30).r1rne seperated the proteins by paper electroe
phoresis, then - degraded them to amino sclds and anslyzed the
snino seids using chromatography. Kanzow (31) studled the effect
of leukemia on the serum proteins, and found the effect was that

of a general scute inflemation. Frunder and Bornig (18) studfed
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the serum proteins before and after lipid extraction and found
their results agreed well with those found in free solution
electrophoresis. Pluckthun and Matthes (70) mede & comparative
study of the proteins of the blood and of the cerebrospinal
fluid and found that the concentrations in these flulds were
very similier,

The Welch sutomatic scanning recorder was ussd to test
several applications, Standard curves were calculated for
albumin and globulin, and blood samples were enalyzed.

The standard curves are caloulated in the following way.
An albumin ssmple of four gram per cent, and a globulin sample
of three gram per cent sre nade. These scmples are then dlluted
hy serlal dilution, esch sample is one-half of the next lerger
sample, Seven samples of sach protein were made giving a range
for the slbumin of [.000 to 0,062 grams per cent, and 3,000 to
0.047 grams per cent for the globulin, Strips of Eaton and
Dikeman number 613 paper were wetted, and two and five lsmbda
volumes df esch of the fourteen standerd solutions were applled,
The stripe were oven dried and then stained in 1¥ brom phenol
blue in 95% ethyl alcohol saturated with mercuric chloride. The
following wes the wash proocedure in the csse of all proteins,
After staining with brom phenol the strips were placed upon s
verticsl glass sheet and dilute hydrochloric acid was poured on
them, They were sllowed to stand approximately a minute, after
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which time they were washed with a solution of saturated
mercuric chloride, in a wash bottle, until the brom phenol blue
began to change from yellow to blue. They wers again brought
to the acid slde of the indieator by dilute hydrochloric acigd,
and the progedure of standins and washing was repeated. This
procedure resulted in a very clear background which is a necese
sity for use on the automatic scanner, The strips, after washing
was complete, were dried. The wavelength of the monochromator
was set at S85 millimicrons and the atrips wers recordsd on the
strip chart recorder., The optical density for the albumin and
globulin was converted to per cent sbsorption. This was plotted
against ooncentretion and the curves which resulted were found
to be hyporbollo; For albumin see figure 14, and for the globulin
curve see figure 15. These curves were then mede linear socord-

ing to the formuls (12).
1/a = 1/100K 1/s + 0,01

Por the slbumin a plot of 1/a versus 1/c gave a linear curve
with the intercept (see figure 16) approximately 0.01. The
globulin slse gave a lineer curve when 1/a was plotted sgainat
1/¢ with the intercept approximately 0,01 as shown in figure 17.
These curves were used later as one possibls technique of evale
uating the serum blood proteins, Next the aress under the curves.

woere evalusted, Two methods were used:{l) the areas were measured
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using a planimeter and (2) the area under the curve was eut out
snd weighed on an analytioal balancej from a knowlsdge of the
welght of & one square centimoter sres of the same paper, it
was possible to calculate the area undtr the curve. The values
caloulated by these two methods agreed within five per cent,
and the values used in calculating the data for the curves is an
average of the two methods. The areas under the curve for the
five lembds and the two lambde runs oompared well, with a differe|
ence nu greater than five per cent resulting. The albumin curve
of ares versus concentration, figure 18,/gnd globulin curve,
figure 19, are both hyperbolic in nature and cen be made linear
by the following formulat | |

/A = 1/31 /e + 1}32

The albumin deta was plotted and gave a linesr curve, see figure
20, as did the globulin dete, figure 21. These ocurves ars used
later to calculate the A/G ratios.

Three different human blood samples were run (two normmal
and one pathological - rheumatie fever with mitral valvuritis
and myocarditis) on the Ionograph, and the serum proteins
separsted. The eonditions were, a veronal buffer aystem pH,

8.6, ionie strength 0.05, eight volts per centimeter potentisl
gradient, three hours duration of en experiment, with an equil-
ibration time of one hour. The buffer to paper ratio was 1,90
to 1.00 at & temperature of 20-25°C, Thess conditions were
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found t¢ glve excellent separations into the five components
usually found in free solution electrophoresis in a veronal
buffer. Seven atrips were run on each sanmple,

After gepsration by lonocgrephy, the samples were dyed with
brom phenol blue and analyzed using the automatic scenning
Jevice. The per cent abscrption of each peak was noted, snd tne
araé under each of the curves determined. Plgure 22 shows a
vypical blooed protein pattern se given on tne strip chart record-
ér. The data for the porcent abaorption and tihe area under the
curve are given in table I,

The data wes snalyized in the following manner. The date
representing the per cent absorption couid give the correct
proteln concentratlons if the bands move Lhomogeneously, and
maximua absorption is not the result of the band either becoming
more concentrated or less ooncentrated. During the oourse of
a8 run & fraction night spread or 1t might possibly he compressed
80 that in either of these ocaseas the absorption would be no
meagure of the concentration., However, 1if the band remains
bomogeneous during a run, then the percent absorption would
become an index of the oconeeniration.

It is important here to note that Cremer and Tisellus
(10) observed the upteake of dye by the albumin to be 1.6 times
a8 great as by the globulin, A compsrison of the standard

absorption ocurves, figure 16 and 17, show the elbumin uptake
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Sample
Number

Protein
Component

Albumin

Gamms

Albumin

Gamma
Albumin
¢

@

g

Gemms

Table X

BLOOD PROTEIR DATA

Optical
Density

1.82
Oolily
0.72
0.92
0,71
1.74
0.60
0,68
0,68
057
1,92
0,72
0.96
1.22
1,19

Ares

13.56
‘2000
o7
7.15
Te33
15,14
k65
7.32
7.55
6.06
16,00
3.87
6.93
8.08
10.43

72

% Absorbed

98.5
6347
81.0
88,0
80.5
98,2
749
7962
7942
7341
98.8
81,0
8901
9140
9346
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to be 1.5 times s great as globulin. However, & comparison of
figure 20 and 21 show that the eree under the curve of albumin
ie the same ae the ares under t he curve for globulin, when
comparing equal concentrations of either protein. It must be
concluded that the origirel sssumption that the sres use a
function of the smount of dye sbsorbed was not trus. It becomes
necessary then to correct the albumin ares curve by a fecetor of
1e5. In table II ere listed the veslues of the protein concen=
trations ss calculated from the absorption dete. However, these
concentratlions are protably not correct due to the fact that
the criteria set previcusly for the valldity of abeorption being
2 functlion of concentretion are not met in an electrophoretic
separation of blood proteins. In table III are listed the values
of the protein concentrations as calculated from the dats repree
senting the eres under the curve. These values are probably
the better values, except for the aldumin velue which 1s 0,67
fraction of its true value, due to the 1;5 in uptake of the dye
for slbualn when compeared with globulin,. *

The A/G ratios for samples one and tbrée, which are normals,
aﬁe then 1.095 and 1.035, respectively, while the A/G ratio
for the patholigical sample 1s 1l.275. Those values sre in £008
agreement with those caloulated by the method of fres sgolution
eloctrcphoroais. The lonogrephic method deseribed here is to

be preferred to salt fractionation since tho values determinsd




Table I
BLOOD PROTEIN DETERMINATION BY % ABSORBED

Sample Protein 1/% Absorbed 1/Concentration Concentration
Number Component :

1 Albumin 0,0101 0.25 L.00
a; 0.0156 2.2 0.47

a, 0.0123 1.33 0,75

B 00,0113 | 0,87 1,15

Gamma 0.0124 1,38 0472

2 Albumin 0.0101 0425 .00
ay 0.0133 - 1,59 0.63

/aa 10,0326 1.43 0.70

N 0.0126 143 0.7
Gamma 0.0136 1069 0.59

3 Albumin 0,0101 0.25 v 4400
a, 0.0123 1.33 0475

a, 0,0112 0.87 1.15

B 0.0106 0.59 1.69

Gamma 0,0106 0.59 1,69




Tadble 11X .
BLOOD PROTEIN DETERMINATION BY AREA
UNDER THE CURVE

Sample Protein 1/Area 1/Concentration Concentration
Number Component

1 Albumin 0,077 0439 2. 60
ay 0.1116 3.01 0.33

a, 00,223 1.46 0.68

B 0.140 0,80 1.25

Gamma 0.136 0,77 1.30

2 Albumin 0.067 0.27 3.70
ay 0,214 1.39 0,72

a, 0.136 0077 1.30

B 0.132 0.75 3.33

Gemma 0,165 1.01 1.00

3 Albumin 0,062 0.25 LL.00
o a 0.259 2.4 0.1
a, O.1Ll 0.83 1,20

B : 0.123 0.68 1.47

Gamma 00095 O.h,O 2.50
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using the sslt fractionation method are mach too high.
Ionography seems to offer an excellent tool for the elindc,
ylelding, as 1t does, good A/G ratios and at the same time
giving the concentrations of the albuming «.1, “2' B, and
gamma globulins,




CHAPTER V
ELECTROACCELERATIOR STUDIES

Molecular weisht determinations based on electrophoretie
messuraments have hean triad but thuas far no one has heen
sucessful, Tt is thought that a migrant moving in a solution
schisves s terminal velocity so rapidly that 1t is impoasible
to calculate the sccelearation of the particle bafore it reaches
its terminal velooity.

If a particle were heing aceelerated in an electric fileld
under a constant force then it would be possible to calculate
its moleculsr weight,

The followina equations are defined for s case of constant

acceleration,
v =ds/dt (1)
a = dv/dt | (2)
a= dat/dta (3)

where, v is the velocity
t is the time
s the distance
s the acceleration

77
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Integrating (2) with respect to t:

/ a2 = of at?
ds = at At + ¢, dt (k)
Taking the differential dt
v = ds/dt = at + o (5)
Bow to evaluate ©q lot v = v, et 8 = 03 t = O
Vo =0+ ¢y (6)
Or measuring ¢ from t = 03 8 = 0
vV =at+ v, (7)
Fow Newton's second law of motion steted mathematicslly
is

F = ma (3)

where, F 18 the force
m is the mass
8 1s the acoceleration

From equation (7)

a = v»va/t or if v, = zero
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then, *

s = v/t ) (9)
Substituting (9) into (8)

P=mv/t (10)
And substituting (1) into (10)

F =38 (11)
On integrating (11) with respect to s

F/ tat = m/ ds

2%3 = ms (12)

Now if the time is set the same for each migrant in

any one series of studies then,

pel
=3~ = & constant K (13)

Substituting (13) into (12)
K=ns orm=K/s (1)

It is obvious, from equation (1), that on plotting m versus
1/8 a straight line should result,
An instrument was developed %o explore the practical

validity of the adbove hypothesis. A photograph of the instrument
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1s shown in figure 23. It consists of two units, a rectifier
and an enclosed chsmber, snd is presented in more detail by
the schematic disgram, in figure 2l. The instrument has four
electrodes, D, two of which are connected to the positive
toerninal of the rectiflier snd two to the negative terminal of
the rectifier. Four electrode vessels, E, are connected by agar-
salt bridges to the four buffer vessels, G. A sheet of filter
paper (Eaton and Dikeman number 613), ten inches by ten inches,
B, is enclosed in sn air tight chamber A, The sheet of filter
pesper 1s connected to the buffer vessels by means of four small
tabs of Munktell paper, three inches by one inech. The Nunktell
pap.rnis used for the tabs since it mcis as & better condustor
than Eaton snd Dikeman 613 and will therefore, cause s smaller
voltage drop scross the tabs. Now if a potential is applied to
the electrodes from the rectifier, this potentisl is equal in
both directions; that is, two forces of equal potentiel act at
an angle of 90° to each other. In this case, the migrant M, will
move off at a forty-five depree angle. It is, essentislly,
thought that the hypothesis m = K 1/s will hold for this instrue
ment,

Due to the influence of molecular volume on mobility, in
2ll electroacceleration studies it was necessary to use, for
comparison purposes, only families of compounds. Five 2,l;

dinitrophenyl derivatives of amino acids were the first group
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Figure 23
1

The Electroacceleration Instrument




A B (o]
AN \\ , ,
+ AT
6 FED
Y N e
, . '\\ \
. . N E
. \‘ 6 ©
. B
M
i
e L - e e g e
Figure 24

A Schemetic Diagram of the Electroscceleration Instrument
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chosen for study, These were tho‘dorivativoa'or alanina: serine,
leucine, methionine, snd phonylalaninél The conditions of the
experiments were a veronal buffer, pH 8.6, fonic strength |
0.,025; the potentials, applied at ninety degrees to each othér.
vere 200 volts in both directions, The duration of sn experiment
was two hours, and the tempersture was 29-25o C. S8ince these
compounds are all colored, their amlgration can be readily
obaerved., The Instrument wes allowed en uour equllibration itime.
When the molecular welguts were plotted sgainst ths reciproeal
of the distance woved a linear reletionsnlp ;@sultad. as shown
in rigure 25. However, when these compounds were run under
ldentical conditions, except that g%petentlnl is epplied in
only one direction, no relatlicnsnip results, aé sown In figure
26, It was tioe success of these experiuents taat raised hope
for the more general spplication of the method,.

in the next experlments, a group of twolvo amino scids

having similar isoslectrlic proparb}es were used as migrantis,
The buffer conditlons were 0,01 M HCl et & pli d.1; thls pH was
necessary to remove 8ll tue smino aclds from thelr iscelsctrie
reglons, The duration of an experlment was three jours, and

a potentisl of 200 volts was spplied in both directions, The
migrents then move at & forty~-five degree angle with respect

to the side of the pape r square. Howsver, no relstionship could

be found between their movement 6f the amino aclds and their
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respective molscular welghts. :

At this point, a comment i{s in order regarding & note by
McDonald and Urbin (61). They reported the existence of a rela-
tionship between the movement send thes respective molecular
welghts for the dinitorphenyl derivatives and the same series
of amino ecids reported here. Ine amino aclds &re beliny studled
under adverse conditions end the reproduciblility of the results
is difficult. ‘‘hese suthors are now of the opinion thal the

earlisr results on the amino acids must be placed in the category

of fortultous data.




CHAPTER VI
SUMMARY

A, Mobility Determinations: Bovine serum albumin, bete
lsctoglobulin, egg 2lbumin, and gemma globulin of known free
solution mobilities were studied using the Ionograph, It was
noted that at higher potential gﬁaidontt the migranta hoved
with decreasing velocity; however, if the mobilities were plot-
ted against time & linesr relationship resulted which allowed
extrapolation to zero time and gave values which corresponded
closely to those calculated by moving boundary slectrophoresis.
It was deduced from this work that under proper conditions
mobilitles could be csloulated directly by ionography. It was
found that by using very low potential gradients and maintsine
ing proper equilibrium conditions, the mobilitles for bovine
serum slbumin, beta lactoglobulin, egg albumin, and gamma
globulin could be obtained directly uasing ionography.

B, Automatis Scanning Device: A new automatic scanning
device was devised and used to measure the amounts of meterial
on ionogramse The ablility of the instrument as s densitometer
was first tested by using gelatin astrips stained with brom
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phenol blue, and increasing the mumber of gelatin ltrips‘tolted
at one time to see if the instrument would respond sccording
to Beer's law. The results indicated that the instrument respond-
ed properly to Beer's law 1f presented with a homogeneous systenm,
However, when standardization of the instrument began it was
epparent in messuring different concentrations of brom phencl
blue on paper thet Beer's law was not npplie@hle in this case.
The curve resulting from plotting optical density voisun cone
centration was a hyperbola. When the per cent of light absorbed
was plotted against concentration, the curve, & hyperbols,
appeared as s sorption curve, similar to those found for sorption
of a gas on a solid, The curve was made linear and a mathematical
and theoretical deseription for the curve were devised, Standarde
izetion curves for albumin and globulin were experimentally
cnleulaétd. It was found that coneentration could not be salcu-
1a ted from the per cent of light absorbed but that the area
under the ocurve must be ealoulated in order to obtain concentra-
tion. The uptake of dye by albumin was found to be l.5 times
as great as that for globulin. As a consequence of this fact,
when ealculation of A/0 ratics are being made, a correction must
be made for the albumin. The A/G ratiocs sre being made, a
correction must be made for the albumin. The A/G ratiot ealauln-
ted using the technique of ionography were found to ba 1n geod
agreement with those normally found in free solution electro-

phoresis. The concentrations of albumin, the slpha globulins,
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, beta globulln snd gemma globulin may also be obtained )

simulteneously.
Ce celeratl tudies! An instrument was developed

to study electromscceleration of migrents. The theory of this
migration, as to relationship to mass, is discussed. Several
2,4 dinztraﬁhonyl derivatives of amino acids are found to
substantiste the theory. However, the work with several amino
acids ylelded no concrete results due to physiocsl and chemical

difficulties encountered in their investigation.




TABLE IV
EXTRAPOLATED MOBILITY OF BOVINE SERUM ALBUMIN

Buffer: veronal (barbital-sodium barbital)
Ionic strength: 0,1 |
pH: 8.6

Potential gradient: 2v/cm

/
Temperature: u°c

MOBILITY ARMOUR: 6,66 X 10'5cm/bec/volt/cm |
EXTRAPOLATED MOBILITY: 6.40 X lo'soﬁ/%ec/volt/cm

EXPERIMENTAL VALUES'

MOBILITY TIME
5.10 X 1O'Scm/sec/¥olt/cm S hrs
4e50 X 1O'Scm/bec/#olt/bm 8 hra

2.80 x 10™%cm sec/volt/em 13 hrs
2.20 X lo'scm/bec/%olt/cm 17 hrs




TABLE ¥ f 1\
EXTRAPOLATED MOBILITY OF EGG ALBUMIN

Buffer: Phosphate
Ionic strength: 0,2

pH: Te7
Potential gradient: 2v/cm

Temperatureé LOC

MOBILFTY ARMOUR: 5,69 X 10'5cm/sec/vo1t/cm
EXTRAPOLATED MOBILITY: 5.88 X 10 5cm/sec/volt/om

EXPERIMENTAL VALUES

MOBILITY TIME
5.60 X lo-scm/sec/volt/anb 8 nrs
Lels X lO'gcm/sec/volt/bm 16 hrs
3.40 X 10'5cm/sec/volt/cm 2l hrs
2.8 x lo-scm/hec/volt/hm 28 hrs
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TABLE VI
'EXTRAPOLATED MOBILITY OF BETA LACTOGLOBULIN

Buf}er: Phosphate

Tonic stréngth: 0.2

P 7.7 |
Potential;gradient: 2v/cm

Temperature: 4°C

MOBILITY ARMOUR: 5,62 X I{O'Scm/sec/volt/cm
Extrapolated Mobllity: 5,80 X 10'5cm/%ec/$olt/cm

'EXPERIMENTAL VALUES

HOBILITY . TIME
5,00 X 10-50m/5e0/¥01t/cm _ 8 hrs
ho20 X 10-5cm/bec/Volt/cm 16 hrs
3450 X lo'scm/Sec/¥olt/cm 2l; hrs

2.84 X IO'Scm/Sec/Volt/cm 28 hrs




TABLE Vil

GELATIN STRIPS DYED WITH BROM PHENOL BLUE,
MEASURED DENSI TOMETRICLY AT 585 MILLIMICRONS

OPTICAL DENSITY NUMBER OF STRIPS
0.1 1l
0.2
0.3
Ouly
0.5
0.6
0,7
0.8
0.9
1.0
1.1
l.2
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TABLE VIII

BROM PHENOL BLUE ABSORPTION
AT 585 MILLIMICRONS

CONCENTRATION OPTICAL DENSITY % ABSORBED

0,1000 1,840 98 46

0,0750 1,660 97.8 )

0,0500 1,400 ' 9640 4
0.0333 | 1.200 : 9347

0,0111 0,690 80.0

0,0033 0.,00 60.0

0.0011 0,185 35.0

0,0003 0,075 16,0

0,0001 0,025 6.0




TABLE X

BROM PHENOL BLUE ABSORPTION DATA
FOR THE STANDARD CURVE

CONCENTRATION 1/CONCENTRATION - % ABSORBED 1/% ABSORBED

0,1000 10,0 . 98.6 0.0101
0.0750 13.3 197.8 040102
0,0500 20,0 96,0 0,010
10,0333 30.0 937 0,0107
0.0111 ' 90,0 80.0 ' 0,0120
0,0033 320,0 60,0 0,0167
0,0011 900,0 35.0 0,0286
0.0003 3000,0 16.0 . 0,0625

0.0001 9000,0 6,0 0,1667




TABLE X.-

BROM PHENOL BLUE ABSORPTION DATA
MEASURED AT 585 MILLMICRONS

CONCENTRATION % ABSORBED CONC./%;ﬁBSORBED

X10
0,1000 58,6 1,019
0.0750 97.8 0,766
0,0500 96,0 0,522
0.,0333 93.7 0,356
0,0111 - 80,0 0,139
0.0033 60,0 0,056
0.0011 35.0 : 0,032
0,0003 16,0 0,021

0.0001 6.0 0.016




TABLEXI

BROM PHENOL BLUE CONCENTRATION
AND AREA UNDER THE CURVE DATA

CONCENTRATION AREA OPTICAL DENSITY

041000 .32 1,840

0.,0750 3.90 1,660
0,0500 3.39 ;. 1,400
0.,0333 2437 1,200
0.0111 1,21 0,690
0,0033 0,65 0,400
0.0011 0,30 0,185
0,0003 0,1l 0.075

0.0001 0,06 0,025




. TABLE XII

BROM PHENOL BLUE CONCENTRATION
AND AREA UNDER THE CURVE DATA

CONCENTRATION 1/CONCENTRATION

0,1000
0,0750
0.,0500
0.0333
0.0111
0,0033
0.0011
0,0003
0,0001

10,0
13.3
20,0
30,0
90,0
300,0
900,0
3000,0

9000,0

AREA
.50
3,96
3.37
2.38
1.23
0,66

0031

0,12
0,05

1/AREA
0,222
0.252
0.296
0.420
0.810
1.511
3.2l44
8,512
'19.867




TABLEXIII

RELATIONSHIP OF OPTICAL DENSITY TO
% TRANSMISSION AND % ABSORBED

OPTICAL DENSITY % TRANSMISSION % ABSORBED

1.80 1.6 98.);
1,50 3.2 96,8
1,00 10,0 90,0
0.80 15,8 . 8.2
0.60 2501 | 749
0.140 39.8 | 60.2
0.30 50,1 LS.9
0,20 63.1 36,9
0,10 791t 20,6
0.05 : 89,1 10.9
0,00 100,0 0.0
OPTICAL DENSITY == « log % Transmission

% Transmission == 100 = % Absorbed




ALBUMIN ABSORPTION DATA

CONCENTRATION
GLOBULIN

;. 000
2,000
1.000
0500
0.250 -
00125

0,062

TABLE X1V

OPTICAL %€ TRANSMISSION ¥ ABSORBED

DENSITY

2,05
1.75
1.20
0,63
0,32
0.18
0.10

0,9

1.8
63
23.4
47.8
66,0
79011-

99.1
98,2
3.7
7646
52.2
34.0
20.6




TABLE Xv

GLOBULIN ABSCRPTION DATA

CONCENTRATION
~ GLOBULIN

3.000
1,500
0.750
04375
00187
0,094
0.047

OPTICAL ¥ TRANSMISSION % AZSORBED
DENSITY

1.55 208 A 9702
1.10 Te7 92.3
0.74 18,2 81.8
0637 42.6 S7.4
0,23 58.9 41l.1
0.11 776 22.4
0,06 87.1 12.9

-~
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TABLEXVI
ALBUMIN STANDARD CURVE DATA

CONCENTRATION  1/CONCENTRATION & ABSORBED 1/% ABSORBED

14,000 0025 99.1 0,0101
2,000 0650 98,2 0.,0102
1.000 1.00 | 93.7  0.,0107
0,500 2.00 76,6 0,0130
0,250 4,00 52.2 0,0191
0,125 8,00 34.0 0,029

0,062 16.00 20.6 0,0485
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TABLE XVII
GLOBULIN STANDARD CURVE DATA

CONCENTRATION 1/CONCENTRATION % ABSORBED 1/4 ABSORBED

3,000 0633 972 0,0103
1,500 0,67 92603 0.0108
0,750 1.33 81,8 0.0122
06375 2.67 57.4 0,0X7l
0.187 5.33 40.0 0,0250
0.094 10,67 22,1 0.Quli6

0,047 21,33 12.9 0,0775




TABLE XVIII

ALBUMIN CONCENTRATION AND AREA
UNDER THE CURVE DATA

CONCENTRATION

4,000
2,000
1,000
0,500
0,250
0,125
0.062

1/CONCENTRATION  AREA

0,25 15.81
04,50 12.31
1,00 8,00
2,00 3,22
14500 1,85
8.00 0.96

16,00 0u54

10,

1/AREA

04063
0,081
0.125
0,310
0,540
1.041
1.851
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TABLE xxx‘

GLOBULIN CONCENTRATION AND AREA
UNDER THE CURVE DATA

CONCENTRATION 1/CONCENTRATION  AREA 1/AREA

3,000 0.33 11.01 0,090

1,500 0,67 8,15 0,122
0,750 | 1.33  he86 0,205
0,375 | 2, 67 2,55 00392
0.187 5.33 143 00699
0,094 10,67 0,72 1,388

0.047 21.33 ' Oo4l 2,439




TABLE gy

TWO DIMENSIONAL MOVEMENT OF THE
DINITROPHENYL AMINO ACID DERIVATIVES

DINITROPHENYL =~ MOVEMENT (S) 1/8 MOLECULAR WEIGHT
DERIVATIVE B |

Alanine - - 345cm «286 255

S8erine 3e.2cm «312 271

Leucine 3.0em 0333 ‘ 297

Methienine 2.,80m ©357 315

‘Phenylalanine 2o.6cm #3814 331
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TABLE XXI
TONOGRAPHIC MOVEMENT OF THE
DINITROFHENYL AMINO ACID DERIVATIVES
DINITROPHENYL MOVEMENT (S) 1/s . MOLECULAR WEIGHT
DERIVATIVES . i
Alanine l.2cm .333 E 255
Serine l.3em 769 271
Leucine l.3cm «769 } 297
' i
Methionine l.lcm 0909 ! 315
Phenylalanine O049cm 1,111 - 331
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