The Universiby of ¥anitoba

In FPardisl Folfillnent

amenbs for the Degree

Hugber of Sclonve

By

Hormem G, HL1D

- Jdune 19}53;5




g
(‘;' <N
e
R
v
“
e
L
]
i

o

Pard J4

Zhe theorstionl factors in elegibvaphoratio ig@ésﬁiga%iea are
considered and & Yriel yoview of the Litereiturs of glesivophorebio
wotheds is glven. The problen of propey proparstion of sleotrophoretie
samplas it sonsidereds The normal values of protein cemponents iz &
Forun ore listed and she volusa shisined éy saphrate mebhodn avre oo
§&réﬁo A review of shoe cleatrophersitico investijetions of werebrospinsl
£lnid protein fs given up to Deoomler 1954 Cerebrosplnal fluid probably
aonteling slbuping alpba-2 gflobulin, beda slshulin, and jame ghovuling
%h??gaﬁ ethor sonpoponds desijnated Ael, ¥ and T, alphe~-3 slobulin and
Libelnogen have nob buen oonsistontly demons¥rateds A oltpls methed
fov eiseleophorenis of covebrospinal fluld proteins is vegquived, in which

reproducible rosuits may be oblained from small) sauples of fiuldp and in

whiah pe gomponent is denafured.

Pard 17

Af%er ruling out other mebheds af voncentradlion sos unseidige
frotory, fifteon samples of serebrospinal Pivid from olinically aocrusl
pedlients were subjosted %o concentration by dislysis and fagative prosoure
sxeviad ﬁﬁgamgﬁ sollodien bayse On an elacirophoresis appavsbtug, ssmpleg
of sovum, of diluted and veconventrated serum, of diluted sud reconcenes
trated plasme an woll as concenirated sersbrospimal £luid were vune The
uethod was shown %o bo cimple, 414 not donature Hhe nrotoin asmporenis,
and way supable of yayéﬁﬂuéiﬁlﬁ vasulise 4 vomponent designaied as ¥ was
sonsistently seen preseding the slbumin fraotion, and the bete fraction
was sonsistently ineresseds. The other conponenss sonaistendly prosond
wETE ai&ﬁ@iég alpbaw? globulin, aand gemna gslobuline Tha mebthed is ocone

sidared Yo be sultable for olinicsl snd researoh studiese
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| The cerebrospinel £luid proteins have been subjeeted to
fractionation by chemical and elactrophoretiec methods. The ehsmiaalis'Bs
and immuno-chemical methods* 14041 pave resulted in the separabion of
corebro-spinel fluid albumin and glebulin, with the globulin being
further fracticnated to gamwe globulin by immwno-shemical 38533.43’43
The usugl chemical test for determining the albumineglobulin ratic i
not ugeful oy depanéabﬁa.lg’S? The colloidel gold teats of Langeﬁé’57’
58039560461562 o034 otiers are not helpful in differentiating bhe typo
of globuline preaan%gé exoept in the case of gemma glebulin, which shows
a "D (paretie, or first mons) curve in spite of the mixture of other
globuling or of salte. Tho complicated chemica) fractionabion mathods
of Cohn'*® and othere, 787 unieh have resulted in he sepavation of
over thirty serum rrotein ecomponents, have not been applied toc cerehroe
spinel fluid proteins.

The development of a dependable, simple electrophoresis
toohnique in the last fifteon years has made available sn epportunity
to study the cerebrospinel fiuid protein eampeﬁeéﬁa. To be useful as
a clinfesl and experimental adjunet, these techniques require the
concentrated produst of smell amounts of cerelrospinal £iuid. This is
now possible and it 1m the purpose of this paper to disenss the theory
of mierosleetrophoretic technique and the epplication of slectrophoresis
o the s?aéy of eerebrospinal fiuid proteins,
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ophoresis and the Developmont of the Original Method

The quanbtitative and qualitative estimation of serebrospinal
£luid proteins by electrophoresis was the direst eonssquenes of the
development of & satisfaotory device by T1se11us?293 for the messurement
of the movement of protein particles in an 6lestriesl fleld. |

This property of colloidel particles of moving in an
oleactrical fisld had been known for well over a hundred years, and hed
been spesifically applied by Herdy’® es early as 1899 to protein particles.
(He showed at this time that the migration veloaity of the partseiea
depended on the acidity of i;he nadium).

Berlier mothods of direct ohservation invelved the use of a
mieressops but the observation of many of these small perticles is
impossible by this method. Therefore, it is necessary o study a layer
of proteins rather than a single partiele. If this layer moves into an
adjacent medium of the same electrolyte soneentrabtion, two methods of
snalysis are agen.gé {a) The £irpt is to take out the layer and analyse
it for 1te biologicsl and chemicel propertises. (b) The seoond methed is
o measure the distance the layer, or more preecisely, the boundary of
the layer, moves, These two methods can he combined.

At first the messurement of vhe distance the boundary moved
oould only be applied to colered substances, bub graduslly obher methods
gsme into use. Thus in 1926, Svedberg and Tiselius made use of the
~ property of protein of absorbing ultra-viclet 1ight and this allowed them
to measure colorless substances. The method illustrated some of the
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diffieulbies whioh might be encountered. It was found that btheve were
vnavoldable disturbances at the oleetredes, so that these had %o he
saparated from the protein sclutien by s caleulated amount of buffers
and thet the ultra—vieiet methed was not sensitive enough to plek up
nany of the protein boundaries thought to be present. However, these
eé?zy wethods did illustrate where the isoslectric point of sertain
proteins might be and what the ohavacterietie mobility might be.

Although these workers had boen using elestrophoresis for
noxre pgross separation of protein fraebions, 1% wae nob until 1937 that
Tig011us%? overcams the most serious diffieulties that stood in bho
way of isolabing geparate protein fractions from the sorum.

Tiselius early pointed out? the limitations of his mathod,
nemely that the eniy property of protein being measured by $1éetra§hﬁreaia
is the mobility of the protein cempanént, that many lerge partielics
(1.0, polysaccherides) carry no chavge st any pH, that many protein
components (1.6, the elbumas) have neerly or almest nearly the same
isoeleotrie points (aelthough they move abt quite diffevent moblilities at
anobher pH). Tiselius felt that "derologieal resctions and solubilitien
of arystelline matevial are move speaifie properties than the elesotye-
phoretiiec mobility even if the seperation by these methods nay hot
always geeém so cleny eut a8 that obtalned by eleetrophovesis®., He
noted the sproading of the boundaries whioh osourred whén the substances
wors xun for a long time, whioh he did not attwibute to diffusion but

to separation, and which ecould be reversed. This indicated in hie
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opinion {now confirmed) thut $he pretelin components were aod homsganeous,
é & 2

or that thers wes on unkoown source of digturbsmae in his apparstusz.

kreliminary CGongidevations in Zlectrvoshoretic Fochalgua

{e] [zelection of a Puffer

The pmotlion of variniions in the pl, lemic strength aad4%§§a
9¢ gleabrolybe present on the @1@3%@eghar@%39 bebhaviour ef the profein
ion fg imporiant.

{4) ?&é asction of changes im plie~Proteln melecules of éifferant
pature 288k have a8 isoeelectric polint, o pH st uwhieh the megative nad posie~
tive chenges seem to balance each ether, and ut which, asmonp cther things,
the golubility of the protedn is at i%s minimal, ead a2y chich it does
not move in sn slectrigsd fiaiéa37 if the proiein §§;§€i§ﬁ iz made
skrongly wlkaline, the proteln moleculs whick is in §§e.ésaa@$igzaﬁigg
stete” changes; the amine groups becvoune complately dissosiated,; and the
earbogy groups ave unchanged so $hat the molevule hes o n@% segative
chavge and 1t will migeate to the pesivively charged pole. ©n the other
hand, if frop the isovlectric §ein£ the solusion bo made strongly ecid,
tha aﬁiﬁa groups ove naﬁﬁaﬁgeé while the carboxy groups are combibed
with H # fone so tha® the nolecule hes a net positive charge. It con
be shoun that the number of these "froe® gharges, (either # or =) on
the protein molecule 1z directly velsted %o the mebllidy of the proteln
rolecule. Thue, if the lonic strengih is kopt constant, and the pi
varded from 3 to 12; and 42 with cuch change of pii {») the nuwber of

frae nogative snd positive charges are delovmined by titration, and
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(b) the mobility of the protein selution i determined, then 1t wil)
bo seen that the slestrophovetic mobility ard "welenee® of the protein
solution et a given lonie strangth will be a function of the 93.37
These points ave {llustrated in Disgram I kelow.
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The solld line represents valenee, and the eirsles reprosent
eleotrophoretio mebilitien. (from Longsworth).

From a gonaideration of Diagram I one might deduse the pHl at which
elactrophoresis should be carried ont. | |
(14) Effect of onis coneontration

It can be shown that if the fonie strenpth 1s deersased,
there will be a more precipitous shange in the mobility of the pretein
selubion with sasch ohange of pH. This phenomenon 1s thought to be due
to a "shielding® effeat which the abeorbed iens from the buffar exert

upen the protein moleoule.




{334} Effect of tyse of clactrolyte srosent

The effeat of the dors in the supperbisg medins s vreflected
ot enly in thelr mmount, bud sleo im their type, i.0. sharges Thus,

8 polyvalent fon 4n the buffer, is more likely Ho ceuse s varistion in
the mobility of the proteim molecule, even if the i ond Sonic strengéh
are She same, then s uwnivalent fon mighi.

| In nddition teo these faators, the lonic atmosphers musi
provide a wnifoern pH; and » uaifors clectric fleld throughoud the whols
electrophorotic sppsvatuss Ia dhis regevd, such = f£ield sad pH cen
naver be perfectly consband %h?aug&@a%.ﬁﬁaaaga of the sffent on the
buffering iens o2 she proteln lfons themselves os they move and separsio.
such o £ield van Lo sowght for by using « velatively high electrolyie
. soncentrriion with o velatively dilute proteln solution,

Tho sa factors ail@@-us te select o Yiuffer® for aay gaw%ieaiar
mizture of protein 40 be subjected to electvoshorssis. 5Sueh n huffer
would have %o have ite mowimal buffering pfi well above or helow the
isoslectric poing of most of the components {ellewlng free charges %o
gocur), and to consist mostly of univalont foas, $o be in a golabivoly
high eleatrelyte concentration, yot not combining w=ith the protein %o
form insoluble precipitstes. In the cose of the Timelins a@?afa%ﬁs
dledhylbariiturate {(veronal) buffor of 0.10 jonie strength ot pi 2.6

gives the best resclutien,

{4} Zroperstion of tho subsianse to he exenined

‘ 3h,64%,65,%1,85
Hogt investigotions heve Leen done with $$Enﬂ§3 204405,73,85




If homoglobin 1s added to serum in sodiumephosphste buffer
of pll 7.4, an increese in the optiesl denaity is scen, arnd the gamma
globulin is inerveased in proporbion to the amount of hemoglobin added.

If hemoglobin 18 added to serum in vercnasl buffers at pH 8.6,
the area of bata globulin is inersased. In the presence of hemolysed
biologleal substances, sueh as blood serum or ?lasmag the gontribution
of hemoglobin to the pattern ean be estimated by subtracting the beta
globulin obtained in phosphate buffer from that obtained in berbiturate
buffor 9revideé'that the éa@glea are not dlalyzed more than 24 hours.
(41) Dialysis: |
| If serum is diluted with buffer, then aubjected to dialysis,
no change not within the experimental methed is seen, There mey be some
gensyal déareasa in pattern area with voronsl buffer after 24«48 hours
of dlalysia. ‘ |
| However, mobilities may bo affocted in the case of the
T4selius apparabus, boeause in the ascending limb of the apperatus 61
ions migrating freﬁ the sorum ahead of the albuétg gro thought to cause
& alowing of the components of this limb.
(411) Storage: '

zf’tha gorum I8 refrigerated at iee hox temperature only minoy
ghanges appear 1n:tbs elestrophoretie pattera§ Some workers balieve the
opbinal tamﬁeratura to be -89C, If however, serum ls storsd for deys
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(48 hours) at room tomperatuve, changes appoar, cspecially in the alpha
and bata portions.

Similarly 1f plasma is allowed to femdn in eontaot with red
blood sells even if refrigerated, changes also eppsar in the slpha and
beta globulins. '

(iv) Lipide removal:

(a) Ether extraction. Most of the changes appesr affer the
firat extraction. These oonsist of & merked diminishing
of the arems assoolated with the glpha and bota eomponenta.
If left for four or five days no further change is seen
in the electrophoretic pattern.

(b) Ultracentrifuge. If the fatty layer 18 removed by
ultracentrifuge chenges in the height of the slpha end
beta components ere agsin notsd.

(o) Storage at voom temperature followed by ether extraetion
osuses & further marked reduction in the alpha and beta
gomponents.

(d) Fasting does not sppear to change the slectrophoretie

components.

These procadures caused an inevease in the opalescence
gasoviated with the alvhe globulin, a deorease in the area representing

- albumin and & larger more diffuse gamma globulin area. These changes
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prebakly reprvesand albusinous deponerazilfons

Sy

If the serum Lo heabed ad s high enough Senperabure, fop
long enouph {4000 38% Ge for 20 minubes) w domponsnt deslgozted as the
4oz son forserly veeusisd by dhe alphe =84 bols
CoBpRens sven 12 the sorus is eiher ezsragied, %@fﬁﬁé.%ﬂé affap

R i . — 1 s L
Agaording 4o Hoore, doberds, Voalello and iﬁb%ﬁ%@?g&?? The

ahengas aszoelsted w4tk simple sdovage of roos Jempovslurcs of by the

£

psusd nonipulebion of the povon arve due %o chamgeo in 3he 3ipide contond
¢f %he perus “whorang chanzen peaduced by sore 4rastie changss in
tappafeinre ave 4ue 40 denctuvsilon of $he sretoling independendt of il
prasengs of Lipldents

Thess findlngs pupsent thad prosizens for elecirephoresis

sheuld be osabrifuged, the supernatont sepsvated fme

protein solubtion dislysed not noro Shan 24 hours,

BE used 55 BEOR a8 asz%i&i&;

¢nly » brief description of these #1131 ww glvyen hore ezdspt

$a the gane of appavatus concernod vith papey slasctrorhoresiss  Innumap-

wa

sblo mudificstions of Thenliue? original model seke detulled description
impoosivio.
{i) B Epagh &3§wﬁfsﬁh§fagis apraraius

{a]

Modlfiad fyses of spparsaing ove bewd on
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Tiselius' originel model. >
The 08ll conalsts of & U-shaped cell, with rectangular liembs

(3 x 25 mm. and 2% mm. long) hﬁilﬁ in three seotions. Each section may
be 8lid relebtive to another. The botton section is filled with protein
aolution, and sopavated and isolated from the top end middle ssctions.
One limb i1s then filled with protein solution, and the obhoy with
buffer. The top seation of the protein solutdon £illed liwh 18 then
soparated from the middle compartment, and the top seebion filled with
buffer. All compartments are then put in continuity giving sherp
"boundaries®. After the apparatus has boen cooled sufficiently, the
eieat&éde vosgols are added and these ave capacious onough to prevent
the products formed from reaching the protein solution. The electrodes
themselves ere usually silver wire coated with silver chloride.
Electrophoresis tekes place at 1°C. This reduces conveobion, csused by
the hoatilng of the curront. Several hundred volts of electrical potential
are then applied, and this eauses the boundsry on one side of the center
sestion Yo rise and the other to deseéna. Gradually each aemgénent
forms g separate boundary, the small or high&y'ehergad ones woving
fastest. Besides the bounderies that move, there are bounderies in
the aseending and desoonding limb whioh do not move, end are probably
not related to protein components but to éhaﬁgsa in salt eoncentration.
By ocomplex optical and photographic methods the houndsries eve measured
and presented ss ourves, and their nobilities ealeulated066’é7’74’75’83’95
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(b) Hicro~Coll Type.

én%w@ilar,l La%mar,ég’ég and a%herass devised g mioro cell
apparatus for use on occasions where only small amownts of £luid (¥ ce.)
wdre avellable. By a couplex aystem of leness, the use of an lnteype
formotor plate, and a small eleetrophoresis eell, ths baek and front of
whieh gre wsed as mirrors, these authors eould allow bhe yvays of light
to traverse the channels twice and to double the sonsitivity of the
appavatus, The progcess aould be watehed through an eye plecse op
vagorded on a photographie plete.

Eaaijg devised a type of micro-gell apparabtus by inserting
glasa rodes in the limbs of the maero esll-apparékus!
(?) Zo

Bosanse of the expense and somploxity of the "frae"
oleotrophoyenis methods, workers in Germany (Weilsnd et al).98 United
Biates (5&@@&&)33’14 and Sweden (T1selius et al)lﬁ bagen indspendently
the development of electrophoresis by siupler methods.

(1) I

Zone aleotrophoresis is based on the seme propertles of

tollolds which allown their weanuvement in the moving boundary teshnique
of electrophoresis, nenmely ﬁhat'an eleotrieal field causes the different
compensnts of & eolloidal mizture to migrete at a rate proportional to
the surface charge per unit avea of the particles op molecules, and in
a direotion determined by the sign of this charge.

These rates are characteristic of certain proteins,
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4 simple mathematical explenation of the events which ococur
is desaribed below:
Ohm'a Low » Volts = 1 . :
R (1)
where § fs the ourrent and R the resistance. |
Bub he fleld strength is measured in unite of diatance
(100 om.). | | |
In the case of €he elactrophoretic cell, the fleld strength
E or potantial gradient per om. 1s eéuai to

E=y
1 . (2)

whore V 18 the volbage asross the esll snd 1 18 the
longth of the c¢hannel.

This osn also be oxprossed as B = 4 ~
qk (3)

~ whers 4 o the current, q the oross seotion of the tube,
end k the speoifie conduetivity of the sclution.
~ Thus E s e::?raaaeé as Volts/om.
According to hypothesias, Af the foree £ 1s exerted on a
molecule it will move x ems. in time 41,
| Thaa B will eauss & veloaity of gg (1.0, ﬁﬁ-/ﬁﬂﬁe)t
- The veloa;ty wbieh ene unit alaatrla fleld will cause is
dess,gnatad as .

e U3 /M or!;i‘-'_:gég e x)
‘ - E v/l vt (4)

and sinoe E 5 1/qk
u 2 xqk/it (5)
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Furthermore, if a ouwrrent i passed tim ¢ eauses the protein
boundary to move x oms., in & tube whose oross seotional eves la q
onse?, end 1€ P equals the grams of protein per mle, then in time
Yy % q P grans of protein have moved the distenee =x.

If we prosume that the average protein molecule moves the
distance of u (ite veloelity per one unit elaetrie field) times Ep
(the tosl eleotric f£leld) in a time &, then the amount of protein
(em./see.) that has moved can elso be expressed as u Ept q P.

e XqPEubbqP (é)
end u ® _x_

Epb | (7)
sines Bp S 4

q K,
’ k
o e ﬁ=§ « 3 L] Xgk

t ¥ qKkg £t (sse 5 above) (8)
or us x

E ¢ (9)

The equation (8) therefore gives the volume swept through a ecertain
distanee when a forees of 4 t soulombs of sleotricity ave passed
through the cell.

The value for K is determined in the case of free electro-
phoresis by measuring the yesistance of the protein splution Wefore-
hand in a eonduotivity eell, ‘

Also in the case of froe eleotrophoresis, convection eurrents
ave sot up if the eleotrie flelds aro too high. Heat davalops' at the
rate of é;" WATT/omi? In order that no convestion currents be set
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up, ab 1°AG§ this valus must not oxceed 0,15 wa%ts/cﬁgg

socording to Xunkel and Tiselinsdts52 however, these equations
for free¢ elecltrovhoresis do not hold true for the paper spparatus which
is raéliy #iiguid in 2 highly porous medium”. They showed that ¥ did not
equal i, i.e. the cleciric field sirength ervived at by measurin; the
iengtﬁqif the paper, and the fiold sirength arrived st by messuring the
cregs=section of the paper d4id nobt correlate. %This, Kunkel and Tiseliusg
felt, was bocnuse the veléapge was not belng exerted through a straighé
column of ligquid, such as the channels of an elea%fcﬁha?eﬁic esll but
thyrongh s tortunous chaanel in the paper. Thus the distance over which
tﬁe volsage might drop was nod 1 {the actusl length of the sérip) but
*1;%, (%ho theovetical length of the paper)s They also presumed that
the protein molacule itself does not travel the distance d (er x) but
the distanmce "u3", i.,0, that it folloms the path of the fluid in the
paper and instead of being a fraction of 1 is a fraciion of 1; {see
spyendix A).

4s a vasult of experimentaiion, Kunkel and Tiseliua arrived
at the conclusion that the length ll‘ccala be correlated with the
vesistance of the papsr strip.

-]

» » 13 = Rg X there R is the measured resistance over (15)

b
a
the paper sitrip and g, is the cross ssction

, of the paper.
By use of this formula, substituted in the abovesguation, i%

ras possible to debermine mobilities on paper sirips and compare
then with free slectropheresis. ghen the correction factor due to the
resistence of the paper was applied, the mobiliths by the two methods

correlated fairly well. (without this correction factor, the mobilities




17
on paper secemed to be slowsr). This correetion factor was shown to
actually depend on the paper, not on the hﬁfrer uesd, ond wag found
to b the same in the same paper for any of the buffers Kunkel snd
Tiselius used. It was seon howsver, thet some of the fraetions ware
effocted more than others. Thus slpha component migrated relatively
more slowly then bete with the vesult that the two niprated closer
together on the paper then iﬁ free elestyrophoresin.

There is enother facbor whieh cowse into considevation when
theoreticel dedustions ave msde regarding the behaviour of protein
particles on paper sirips. This 1a the problem of eleotrosmosis.

The peres in the filter papor act like smell test tubes and thelr walls
ave thought %o have & negative eharge relative to the buffer medium.
Because the poves cannot move, and buffer can, there is a movement of
the buffer to the eathode beeaues of ita relatiﬁaly positive oherge.
This movemont oouses a shift of ganma globulin to the esthode sids

in many osses, even though its oharge is negative and it should
theoretically move to the anode. Kunkel and Tiselius, %o measuve

this influence of eleetrésgesaa gearched for a substancs which had
ne;iﬂharent electrophoreblo mobility (no charge) but which would

move with the elesctresmotie fluid. Sueh a substance should not diffuea;

and should stain oasily. They seleoted dextran, and they found that
up ¢ a point the lowar the ¢onosntration and smeller the spot, the
gtsatsr’waa the "back migration” of the spob.

Thus by knowing how far back the dextran went, end how far
forward the albumen went, the aatﬁal distence migrated by the slbumen
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could be caleulated. (See appendix "Bv),

I the eurvont was chenped, or run for varying lengths of
tiwe, no difference in the ratié_ x.?i ocourred. The ratio

' X alk # x dox

did ohenge with the type of paper used. The relationship % dex was
t&srefare also consbant for any type of paper and so they ’éa:ggainsd
what these would ha for a cortain type of paper at a certain pH
and temperaturs, end then used this ratic without further measurement
In individusl esses of the distanes moved by dextran, as "x dex" can
bo determined from the formula. (At lower ph's dexbran haa som
Dbositive eleotrophoretic mobility).

Gronwal12 points out that the elestrolytes in the buffer
must be kept eonstant, (i.e. their eoncentration end eomposition)
beosuse of the known effeobs these veriations have on mobility (as
shown in free electrophoresis). These oan be alteved by evaporation
and by dlsturbanees in reaction which occeur (at the eleetrode).
These pregautions are deseribed later. He points out that heat is
gonerated which oauses evaporation thereby affecting concentration.

© Kunkel end Tiselius did not attempt to estimate the effeot
of varying ionle concentrations of salt in the buffer, in order to
determine tho effects on the mobilities on £ilter paper, but bhey
did show the effect of shanging the typs of huffer, chenging pH and
tho value of paper electrophoresis in determining the iscelectrie
points They mixed two protein solutions together, and showed that
they moved approximately the same distance when mixed es they 4id
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sepavately. They showed alao that 1il mixtures of aibaﬁam gnd gemma
globulin did nobt glve thess proportions by dye elutions because of
the lesser affinity of gamms globulin for bLromphenel blus. This
problem is illustrated in free electrophoresis wheve mixtures of
albumn and globulin mixed in @ 1) ratio exist in ratlo of 55845
in th@‘frée aleatrophoresis machine beseawse of gradisnts in the
barbiturate end protein ion concentyation.

Woods and Gilleap3999

aléo considered the theoretleal
problems behind the esbimation of mobilitdes by electrophoresise

They olsim that albumen moves only in approximately a straight line
relationship with the length of time the eurrcnb i# applied, and that
there is only an approximate ratio beiwsen the rate of movement and
the polentisl gradient when the protein is applied in the center of
the strip.

The protein moves faster nearing the anode vide. They
observed a stralght line relationship however, when the protein was
applisd 6 cms from the eathode end of the glass strip wnd allowed to
run for 18 om. until 1% was 6 om. from the snode side. Theose effeets
are thought to be due to the effects of 1liquld flow of buffer in the
reverse direction in the paper, 4.e. of a combination of evaporstion
resulting in a movement of fluid from both ends toward the center, and
of ondopmosis which ocauses a flow of buffer from gnode %o eathode as
mentdoned sbove. Thies noneuniform liquid flow causes variations in the

© potential gradient st verious times during the process of elsotrophoresis.
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-Thua the voltage aoross the paper graduslly rises, then falle toward

the end of elestrophoresis, while the eurrent shows a constant rise.
These workeyrs use thersfore the average potential gradient in theix
caloulation of mobilities, but point out that the liquid flow 1taaif’
mey be influenced by time, potentiel gradient, pesition of the spot of
protein on the psper, method of wetting paper, the extent of evaporation,
pH and the fonie strength of the buffer. HNevertheless their vesults
using potential gradient correction, rather then the sorreetion for the
repistanes of the paper as suggested by Kunkel and Tiselius, egree with
the results cbbtalned by Kunkel end Tiselius, which in turn egree with
those of the free electrophoresis. Such egresment would suggest that
not all the factors are éxplained by thaere%iesl_aaleula&ions a8 yet
made.

From ell this investigation it beeomss'apparsnt that the
mogsurement of mobilities by peper elestrophoresis is ab best a
complicated and not too well understood method, which dose not appear
totally relieble unless the results ave checked by similer experiments
with fres elecotrophoreais. This appears to be beesuse the behaviour
of the protein molecule in the paper strip is not well understacd.
However these considerations would suggest that unless the same type of
paper, of the same degree of wotness, with the same buffer used of the
sgme lonie atrength and pH, at the same temperature, for the aame length
of timo, at exaectly the same potential gradient, with the seme amount of
protein spplied in exactly the same spot so that the forees of evaporation,
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endosmosis and mobility ceused by the potontial gradient, ave all of
the same degrse in separate experiments, exparinonts whieh depond en
the identifieabion of ﬁsw‘aeapaaenﬁa by their position on one paper
gtrip, es compared with another, even 1f done et the same bime, will
to a widely varisble degree, be unveliable. Whether this unreliability
spplies to protein solutions applied on the same strip of paéer is less -
doubtful. Kunkel and Tiselius héve shown abt least thabt sueh proximity
does not alter the propertios of esch protein to eny marked degree.
(11)

Kethoeds prior o 1948 using glass wool, gels and othey
matoriele foy élactrepkareaia wore not appliesble to situations requiring
gmall amounts of fluiaisgigs Haugaard and Kreﬁer,gg uaing papey
shromatography noted than an eleetrieal field helped to separate
components among emino aelds Weillend end Fischer 98 separated amino
aclds end peptides. Svensson and Brattsten?” used a luoite box £11lsd
with glase wool, applied an electrical potentisl at right angles to the
path of the protein seintiea,as it bassad downwardas Durrumtelé
meéifigd this technique by using filter peper, and was sble to eolleot
the components. Burrua?é tried several other teschniques and devised

a mathod whereby a gless support is used to suspend the narrow filter
paper between the poles of the electrodes in buffer. Later, in order to
got two dimensional effects he suspended his paper from & wire running
lengthwise in the box a few inohes below the 1id. This type of apparatus
wes davelopad further by Flynn and de ﬁayagl and ssparate eampért@sn%s
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for the electrodes were bullt in the bottom of the box. At the time

of Durrum'a faéa% work on thie subjeat, Cremer eand Tiselius 10

devized a method of eleatraphergsia bataega glaese plates, under a
éhlorebanaene bath. Kunkel and Tigeiiussg clamped the adéea of the
plates, did eleotrophoresia i alr. They did important experimentel

~ work, pointed out the necessity of large volume elestrode vessels

to prevent ahangaé at the electrodes from reaching the atrips,

magaupad mébility; teated the effects of verious types of huffers,
compared chemical aaalyaia of the etrips with dys elubiation 'estimates of
the protein contont. Kélw,?ﬁilenaas and Grénwailsg further modified
thies method, adding labyrinthine systems eround platinum elactrodes,

maters, signal lemp, fuse and obher apparatus all coapaetxy avrenged,
6&26 simplified the provese, aaed a glase plate, oveyr which was

suspended another glass plate a few millimeters above the strip,

forming a channel for the strip. fhese are but s few of the many

 varieties of zome electrophoresis apparatus in use.

(111) Methods of Protein Estimat:

Usually the smp 1 dvied in an oven (60°), the protein
fixed by coagulation, aﬁd stained undey stendardized conditions.
The requirements for good stasning,aée conatant composition of the
eolutions, same quaiity of paper, stain with speeifielty and high
affinity for protein without etaining the background. Typlosl dyes
used ave bromphenol. b&ua,la azocarmine 8,96 amidoblack 108,27
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typieal) staining progra&§2 i3 5 minutes in 1% Wromphenol blus in
saturated aleoohollic Hg Gly solution, 15 minutes in 1% Hg €1, in
mothanol, 15 minutes in ethanol, 5 minutes in methanol. The latter
or® wash aolubions. The paper usually dries in s fow minutes, is out
in stripe 5 mm, wide elutristed in Nag 003 or NaOH and read on the
photoslactric colorimetor. |
(b)

The atrip 18 dyed as above, ususlly dipped in paraffin

oll to render it transpavent, then passed through a light beam,

with a ourve being obtained of the interfersnce of the protein
spat.399?3 The raaﬁings aré then plotted, with the naximal reading
(designsted es 100, or merely the actual resding) along the ordinate,
and the distance along the abselssa. The pointz are 39&&@& by a
continuous 1line, and the aress benestithe pesks caloulated by
planimetry.

(o)

Kunkel and Tiselius’® modified s quantitative protein test
of Folin so that they ecould compare actual estimates of the nitrogen
content, of the strips at various spots, with the vesulte obtained by
dying and elutriating.

Levin and Gbarheisar63 use two é%rips. They stain the fivaet,
oub the seeond in seebions earreaganéing o maximel protein concentration
of various eam@énsntso These pleces ave subjected to mioro-Xjeldahl
enalyais, This gives actual protein smount, not the protein-1ipide
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carbohydrats eomplex so that acrrespondence between 1t and the éya
mathod is not exact in soms cases of disease.

_ Kunkel and Tiselius shewsd by their méthsd %hatralbumin nay
bind more bromphenol blue than globulin. Whatever the factor, results
with zone electrophoresis do not agree with thaag of free aleetroohoreais
axaetly. For this vesson, Cremer and Tiselius multiplied their results
for globulin by a factor (1.6). Other workers have pointed out thet
thie factor 18 not the pame for mll globulins, espeelally abnormal ones.
E#tw, Gronwall end Wallentus?? do not believe a corraction should be
made o meke the vesults of paper electrophvresis agree with those of
- froe eleotrophoresis. Abnormal results should be plotted against
normel results obtained by the same method.

Bocause certain dyes have lesser affinity for globulin then

52 and bacause some lipoproteina do not stain,éa values for

albumin,

alburin ave higher, and globulins lower in sone oleatrophoresis then
free eleotrophoresis, and sometimes peaks appesr in free electrophoresis
which sre not seen in gone eleetrophoresis (1.e. hyperebetaglobulinemia).
| For this vesson, free eleotrophoresis ia considersd wore sensitive.
Aceording to K%iw,49 however, they are squally valuable 4n disgnosis.
Table I'eaaparBQ the serum components caloulated by the two methods.
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~Protein e o TodiFied
et e esgpagge ooy | oin
Albunin 62.1 53,3 | 72.9 659 | 529
Alphe-1 3.4 | 62| 144 3.9 6.3
Alpha-2 5.2 10.8 | 3.5 840 12.2
Bota 11.8 13.7| 8.6 9.0 1041
Gemma | 17.0 156 136 13 18.5

TABLE X. ‘Hormal Valuea (#) of Serum Protein Components
by Different Methods of Estimation (seo text).

This table illustrates aldo thet differences oeour even among workers
asing different methods of szone oleetrophoresis. Only an spproximate
identification can bo given to the bands relative to one another and
normel velues very with the methods used, if not with the operator.

Beirring and ﬂailasan,g working with the Ah%vsiler tyga of
nioro-electrophoresis aleo identify %&eae‘esapanents with thé excaption

of alpha~l globulin. Their apparatus gives higher values for the

album:n plus alpha-l, ersas, and lowsr beta areas than the Tiselius
apparatuge.

Aectusl mobilities obtained hy‘paper eleéeraphereaia can bo
sorrelated with those of free elestrophoresis but the basis for this
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the material to .le.2 ¢c. in e cellophane dlalysis tubs. Papor
sleatrophoresia under a chlorobonzene bath was performed and glbumin,
alpha globulin, bota globulin, end gemma globulin were seon in repsated
examinetions of 5 speoimens. Labhart, SBchweizmer and Staub%»55 (1941)
using a concentration method of Ewerbeak,'? and & vacuwun spperetus,
concentrated o 1 Ou.§ from 5-15 ce. in $-7 days, ABtweileraLatmar1'69
nicro-elootrophoresis was performed. Thelir normal values ave not clear.
Albumin, beta and gamma globulin were seen in some pathological cases,
but no differentintion was made botwoen elpha~l and alphe=2 globulin.
Serum sﬁmilsrly prepered was unchanged by the proeaduve.

Blicher, Vatzelt and Petted (1952) used 10 eo. of filuld and
prescipitated proteln with acetone in a cold room. This was vedissolved
in cooled buffer, end elesctrophoresis was earried ovt in a moist chambor.
Staining was with amidoblack 108 and photomotry was used. Slight ’
reduction in the elbumin and alphe-l pask occurred, but they could
demonstrate a compenent migreting in front of albumin, end enother
eppearing inmediately eftor the beta globulin, as well es slphe, bota,
and gapwa globulin. They did not think the new posk desoribed was
velated to £ibrinogen. Hoch and Chanubin’? (1952) pressurs dlelysed
lerge quentities of contrifuged fluld to 3-5 ec. and used the Klette
Tiselius mieroesll eleubyophoresis. When phosphats buffer of pll 7.8%
and ionie strength 0.05 was used, boundary anomalies eculd be uwsed to
| identify vepldly migrabing components appearing in fronb of the albumen.
Thua Rx" component wes identified in )l samples. Sinee gamma globulin
doos not migrate from the salt boundary, the area engonpassed by this
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eomponent must be aaieulatad, and with this in mind the upper and lower
limits of normal values for the other components can be caleulated.
Sinece the value of the salt boundery inereases with proteln eoncentration,
~and "x" oomponents seem to increase relatively, these authors show that
the aotual values for "z" mey he 2/3 its appavent value, and thet of
gamma globulin 1l-2 times its aepparent values In 9 of 49 ca%esn, xe1
appesred. In 21 of 49 ceses with protein under 40 mgme the component
migrating efter beta globulin wes seen. In one case, alpha-l wes seen.
Eiea7o (1?53) concontrated 5 ee. of fluid in a specislly
shaped aocllodion bag, dlelysed against Ringer! solution, with ex vaouo
concontration. The concentrate was reéisseiveé in buffer, eleatrophoresis
bYoing done in & wet chamber. The "x" gomponent, albumin, elpha, beta,
genma globulin a8 well as the component migrating after bota globulin,
wore soen.
Guamiag,ll Easton, and Gardnert! could not identify the nwxt
component of spinal fluld, or the component migrating after bete globulin.
In reviewing thsse methods, it is seen that some methods of
goncentration ere known to affeot serum proteins. These are dislysis
ovey 24 hours, freesing, ether extraction. Some requirs lavrge amounis
of fluid and the use of fres eleectrophovesis. Other simpler methods do
not show all the components which likely exist. The eareful selection
of a buffer with pH below 7.9 is 1ikely important. The method of Mies
seoms likely to combine the qualities of simplicity and accuracy best.



Author X &1 vomin &lphs Bata T Ganms m. of Cases
' 1 (1)
Kabat ¢t a1 {a) 6.2 6he2 5.1 23.8 - 8.0 | 4
C &) — 62.5 8.7 19.9 - ' 15.1 4
Hoch o% &1 |
(e} T 11.7 5¢.9 8.5 12.1 2.8 8.9 36 {2)
II 11.0 55.4, 77 11.2 - - 14.7 '
(d) 1 11.2 61.8 2.5 13.8 - 47 13
II 1001 56-6 7-8 12.8 - : 12.7 ]
Bucher et &l bod 897 15.4 1.5 | 8.0 11.0 10 o
: o
Walleniug — 56‘05 9.8 1503 . - 18 I 2 5 {3) ; 8
Hies 6ed, 53.9 13.5 £.0 6.2 12.0 5
Roboz et &l ——— 57.3 11.0{4) 9.2 - 1645 -
1

TABLE 2. Nermal Values (%) of €+.3.F.; Protein Components

Protein levels (mgms.) (a) 27-3%, (b) 30-38, (e} 0-29, {d) 30-39
I and II signify upper and lower levels given sgli boundary

(1) Fibrinogen (1 case) 5.4%

{(2) X1 appeared in 9 cases, Alpha -1 appeared in 1 czse
{3) 9 determinations of 5 cases

(4) Alpha -1 6.1%; Alpha -2 11.0%




From u Gensideorstion of Table 2, in which is sumsavised the
work of sutbove wsing beth {rese snd zone slectrephoresis, i% would

i

Gerebrospland fluld prodelsn consicts of ot least

sasm that poy
Zive components. These ave depignated vgb, albanin, alpha globulis,
bobte globulln, end gmama globulin pince those components heve been
censistantly seen by 44fferent workers weing sepornte methods. A
shxth eonponent designated sg VI may e present, but i1ts status is
upcertain beczuse &0 is so close %o the pesition of fibrinogen,
which therefore is slse uncortaine Anothar sonponant, x=1, has been
s2an by one groug of vorkers usiag fé@@ elecirephoresis, sluha=l
and slphe~2 nre genersily nob sempnted 4f they sre proesend in normal
srinal fluid,

(e} some Freserslies of UsF Protein Gonponente

LIV :
{o) Hobiiities: FKobat o al%é repords tho mobilities of spinsl fluid

srotein as Gomporved 30 serem as follows: {Hobility expresses as u x 1@3)

Gay ferun

Albuwain ' 5053 Gel

) Alphe globulin {ens casa) £99 } %ol
Bete globulin 2.0 2.6
Gamme globulia oG o758

They mipgest that these mebiliiles are so oclese do Boing
similer that they probably represent the same somporents ia serum and
spinel fluid.

Koeh and Ghanutind? belleve that tha concentvatbon of elbumin
Anfivencss the mobllity of tho xv compenande 1% moeves further ot

hipher concentrsbions of slbumin, “x0 component moves 1.3 a5 £asi ns
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alba:gin.zg if %hé_n fasteyr :ﬁzwviag component 1s geparated it moves 4in a
pattorn a8 belows

Xl 4lb.

_//\

Fige 2 « Eleetrophoratic Pattern of Rapidly Migrating Component of
Covebrospinal Fluid r(fr_em Hosh and Chenubin).

65% of this component is nxn, prasus}a’bly‘i;h@ leading boundery ig x-1.
The remainder is probably slbumin. The motility of "x" is 11.8 x 1075
ompe? vort-l se0."L, while x - 1 fe 140 x 719"5 eme? yolts™l saeq’l,_
with the buffers ueed (phosphate buffer pH. 7.5 fonie strongth .05) |

. Hoeh and Chanutin present the mobilities with albumin
expressed as 1, and presuming there s the same concentration of

albumin in spinel fluild snd serum.

o - Serun
Alpha«2 0.7 o84
Bata 0.57 0,55
npH 0.42 Fibrinogen .30
Gamma did not move 524

Mobilities of the GSF prote‘,in eomponents have not yet been
caleulated on filter paper. The mobilities of the components therofore
are slmilar, bubt not the same.

(b) Sedimentption rate in Ultracantrifuges As far as oan be determined
only the fast moving eomponent of spinal £luid has been subjected to
this tastagg 95% of it sediments as a homogenous eoaapsaént with the
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rate of albumin, the vemainder sediments 2.2 tisnes as fast,

(¢) Combination with Colloidel Gold: Gamua globulin obbained £ron

the spinsl f£luid in two ¢ases of multiple sclerosis, and Ffowr cases
of neurcsyphilis by Habal et a1,45:@6 shosed markedly positive
Mfirst 2one¥‘eurves on ¢olloidal gold examination. Gamme globulin
obbained from spinal fluid in cther cases not syphilitic and not
having multiple sclerosis, d4id not possess this reactivity to such
a marked degree, aud in some cases mot at olle It is met clear
£rom their pagef however, whethar the concgnlraiion of ganma glotulin
in the =smount used tc $est the colleidal gold was the same in hoth
ingtences, Wt presuning it was, tﬁen special properties would have
40 be abtriboted to the gemme globulin of muldiple sclerosis snd
neurosyphilis. Hormal sexum gonma globuliﬁaa#gk will produce this
lreaetiﬁa in the celloidal golde

Spinsl f£luid slbumin has some Function in the proteciion
of colloidal pgold curves, just as serum albanin has. By i%self, it
does not produce any cosgulation in the colloidal gold curve, even
when obitained from syphilitic spinal fluid. | |

There is no report% on the zction of spinal f£luid pfoﬁeiﬁ
components alpha and bedta globuling, albhough Schelid and 5@heid78’79

report some coagulatien with beta globulin,

1s Cerebrospinal fluld specimens for electrophoresis shonld be

centrifuged, the supernatent removed immediately, not dinlyzed over
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24 hours,; kept or stored in an 1ce hox (but not frozen) and used
a8 soon as poesible.
2. The buffer used should have 1ts mexims) buffering pH well sbove
or helow the isosleetric points of the components, consist mostly
of univalent ions, to have an Sfonie content higher then that of the
‘protein golution, but nob too high to cause preoipitation.
3. The position éf a protein aspot on an electrophoreals amtrip aiaaé
not identify it emaetly with another spot on enother elestvophoresis
strip unlean extrems precaution is tseken in techniquse This ia
espeelally true 1f different protein selutions are used.
4e The results of eleobrophoresis of eerebrospinsl fluid protein
by one method cannot be compared oxaobly with results cbtained by
any other methed. However, the idesl method should probably
consiotently show at least five emsily recognizable components in
nornal cases.
5. No aléetrephsretie experiment on cerebrospinel £iuid protein
has unequivocally identified any component to be the same components

eB that fmmd_in serug.g?



The electrophoretis anslysis of novmal cevebrospinal fluid
protein is eomplicated by two problems; the concentration of small
amounts of fluld to relatively high concentrabions of protein without
denaturation, and the use of an electrophoretie mothod which requires
only a minute amount of fluld, Probably because of these difficulties
workers do not agree on the normal cerelrospinal fluid protein
eonstituents. %aaat'werkersbu have demenstrated fractions eomparable
to albumin, alpha globulin, beta globulin, and gamma globulin in

the blood. There 1s evidence, however, that some components seen in
spinal fluid ere not present in blood. Thus separate workera have
shown gomponents designated as x=110015 gng 51921910,11,15 nigrating
faster then albumin. These eaaa}aaaanﬁs have not been seen veguleyly
by sthsrsag’é’75$’1g’13 Another component has been shown to migrate
8lightly slower then beta glebulia.s?’le'u Cenversely, some
components seen vegularly in serum or plasma are not seen eéaaistanbly
in spingl fluid. Thus, alpha component is onmly yayely sepavated

into slphe«l and alphas2 ea@anaatia'u and fibri:iegen is only seen
occaslonally in spinal f‘luidez"a’m With the deseription of a simple
mothod of concentration of spinal £1uld by Mies,'* and the development
by meny workersl0s17s28419 o0 & réliable paper electrophoresis
technique, 4% 18 now possible te separate the spinal fluid proteins

and compave them direotly with serum and plasmas

The method desoribed below is designed to provide en
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accurate simple moans of eomparing cerebrospinal fluid to serum in
a way that will be clinfeally valusble, and posaibly epplicable to
pathologieal states. The eoncentration procadure is much simpler
and eppavently es acourate ss precipitation teehniques and does not
need to ha earried out in a cold reom.
WATERIALS AND METHODSs
(1) Golleobion of Waterials

Pive to ten ml. of normel cerabrospinal fluid wea obitained

at the time of lumbar puneture for spinel ansesthesia, from the firat
10 ml. of fluid cbtained et alr encephalograms which latey proved
normal, and occasionelly from lumbar puncture done for diagnostie
purposes. An aliquot of each sample was tested for gells, protein
and eollofdal gold resstion. In eamoh case, clinical and laboratory
fiaéings wore normale The remainder was contrifuged and the
supernatent stored in a vefrigerator or used immediately.

Samples of blood were chtained as closely a8 possgible to
the time of coreWwrospinal fluid collection and always within 24 hours.
(2) Mebhoed of Concentrations '

’ Concentration undey positive nitrogen presasure, by chemical
preeipi%aﬁio&,gﬂlA and by preasuve dialyaial’2’7 was abtbtenpted, and
for various reesons oasch was discarded as uneatiefactory. The wethod

11

of Mies™ using collodion sacs weo adopted. Concentretion by this

method requires from one to four hours. Bags oan Lo obtained cheaply

u

from the manufacturer.” The Congo rod must b washed thoroughly from
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the bag, and they may be reused several times providing that they ave
kept molet. The eoncentrate may be stored overnight in the refrigerator
with no dhange in the pattern produced.

Samples of serum end of plasma wevre diluted to the protein
levela of normal spinal fluild, then subjected to this conaentration
-methods No disturbance in the pattern of normsl serun was seen
(Pigure 1, Panel 0) indicabing that the method does nob affect the
nornal serum protein pattern. In thé case of plsaraé, the fibwinogen
component wes not as elearly defined in the reconcentrated £luid as
in plasua not subjested to this concentration mothod, bub wes still

elearly progent.

(3)

The method of Goalg wa8 used employing several modif leationa.
Only three channels were used and the sige of the elestrods beakers |
was inoressed to 100 ml. - The air spots in the papeor were pressod
firmly out with a molstoned pad of chesse-oloth. Three strips weve
run simultenecusly. These strips used were Whatman #1, 4 onm. wide
and 37 eme longe | '

| Freliminary experience has shown that the positions of the
spots representing the éifferent protein oomponents eould 'na% bo
correlated when the serum wes yun on separate strips of paper.
(Pigure 1, Panel A4) Differences of 15 mms ocourred in sowe oases,
no mattey whether the albumin, the starting polnts, or the albumine

starting point distence wes ueed e a constent. When two drops of
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sorum wore run on the same oteip however, the eorrelation is within
3 wn. (Pigurs 1, Pansl B). '

For this vesson, 0.0l ml. of plasms, and 0.0L ml. of
ﬁar@brcaginal fluid eoncentrate weve applied 6 oma. from the ecathode
end of the sam sbtrip of paper.

‘ Elactrophoreais was for 9 hours and at 1.8 mi1li-ampoves.
'v@reaal buffer of pH 7c$ and lonle atrength 0.0% was used.
(4)

The paper was dried in an oven, then stained § minutes in
1% bromphenol blue, 15 minutes 4in 1% alecholie Hglly molution, 15
mlnutes in ethanol, snd 5 minutes in mthanol. Strip was dried and
ingerted Into & simple reeding device.?? Reedings wore taken at 2 mm.
intervals on & photo-slectrie colorimeter ab 575 mu. The veedings
wers plotted In such a way thet the highest reading eould be
expressed a3 100, and the rest proportionately. The resdings of
cerotwospinal fluld concantrate ware gonerally 3/4 those of wndiluted

gerum or plasas.

In five separate cases, 0.0l ml. of sorum wese apélieé 8ide
by side with D.01 ml. of corebrospinel £luld coneentrats on the same
strdp of papar. Typleal results ave shown in Figure le Panele D, B, and
F. Albuwin, alpha, beta and gamma globulin poaks appeaved in both
patterns. The peake of aorresponding fractions between carebrospinal
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#luid and serum Aid not vary over 3 mm. from ous anobher aftor
slaatﬁepharesisg A fraotion sppsared in front of the albumin
frection of aerelrospinagl fluild, which was not seen in serum. The
height of the cerehrospinal fluid "beta" posk was eonsistontly
highor than that of cersbrospinal fluid gemma globulin, & pattern
not seen in thess sera+ Alpha-1 fraction 444 not separste from
albumin in ceralwospinel fluld, Af indesd It is present in
gerebrospinel fluid, or in serum, using this mathod.

Pigure 1, Panels G, H and I illustrate the resuits
ohtained when plasma and corebrospinel. fluid ave run on the same
g%gipg 4 glasrly defined filwinogen band is seon in plasms but no
corresponding cuyve is denmonateated in cevebrospinal fluid.

In ten other ceses cerelrospinal £luid was run alono on: a
atrip of paper. A Lypleal cerelwospinel f£luid pabtiern wee observed
in gll cases. The readings at 11 points representing the peaks and
valleys of the pattern (Figure 2) expresased as a proportion ofllas
aro sumarized in Table I {The five CSP pattorns montioned above ave o
2180 included)s. TFigure 2 represents ths cerebrospinal f£luid pattern, L
a composite of tho results listed in Table I.

DISCUSSION:

With this method, the peska of the patterns of the sare

gorum when run on geparatse strips of paper cannob be correlated

exaotly by simple metheds of superimposition. Kunkel and Tiaeiiual?
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have shown that the actual distence migrated by elbumin can be
caleulated i1f a constant baged on the "baokflow" due to cemosis is
caloulateds The use of this constant, dependent on the typs of
paper used, at a certsin pH and temperature, would probably ellow
elosey correlation betwsen separste astrips, but a very elose
sorrelation of the peaks (within 3 sm.) can bs made without using
invelved caloulabions if the drops are simply epplied on the sawe
atrip, Furthermore, it 1s known that in some pathologiesl conditions
shanges in the cerebrospinal fluid pattern are merely s veflection
of abnormalities in the sarua,lta 80 that the serum should be
oxemined in &ory case.

Bsnides the eanssant albunin, end alpha, bata, and gauma
globulin peaks, two consistent featurss appear in the cerelwrespinal
fluid pattern, one of which ié never seon in serum. The fivst is a
gomponent appearing in front of albumin, designed "x® hyrprevious
workerss It has been demonsirated by meny separate ianvestigators, and
the fallure to demonstrate it by others may be due to faults in
goncantration procedure which result in denaturation.?L It was never
geen in serum or plasma subjected to dilution, and reconcentrated.

An "x=1" aomponenti0»1l5 descrived in free electrophoresis was not
seon. The second consistent feature of the eevelrospinsl fluid
pattern wae an incrsssed height of the "bata pesk! relative to the
gamma poak. This is occasionally seen in serum, but was a constant

feature of cerebrospingl fluid. In the latter instance, it may e a
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rofleotion of the band in eorehrospinal fluid deseribed by various

warkarag'lg’ll

a8 ogourring after the beta component and separate
from both beta and gemma component. Our method may nobt be sensitive
enough’ to olesrly define this band. It shonld bo noted®l that
hemoglobin in hemolyzed blood or plesma, will conbwibute %o an
inerease in the area of bata globulin in veronal buffers,

.~ When the cerebrospinal £luid and serus eve run side by side
on the same strip, we have noted that the peaks of elbumin, and elpha,
bots, and gamma globulin serum correspond (within 3 mm.) in position
with peasks eppesring in the cerebrospinal fluid conesntrate, so
that the aeréhrespiaal fluid slbumin end slpha, beta, and gamna
globuling have electrophorebic patterns very similar to serum
oonstituents, and may be identicsl with theme Alphal end alphsed
do not sepsrate clearly enough even in serum with this method to allow
any eonclusions to bs drawn sbout their presence in sevelrospinal
fluids Fibrinogen was‘not éeen in normel ecerebrospinal fluid as a
dofinite band. Preeipitation ab the point of application oecurred
in several cases, but if the buffer and concentrate were ab
aspproximately the sam tamgarature whon mixed before being spplied
to the strip, and if the concentrate was cleer, no preeipitabion
oseurred. Flbrinogen hes however, been reported in normal cerebvoe
apinal f£luid ueing free eleatraphurasis.l*g

Because we are not certain that the pesks demonstrate only
one moin component no attempt has bsen mede to fractionste the
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various components by planimetric methods for quentitabive snalysis.
Inspection of Table I roveals the definite patbern which oxiata, and

shows the variation in the readings which may be expected. The variations _
probably depend on the degrea of soncentvation which cannot be

gontrolled exactly, and of course on the degree of separation which
takes place.

le 4 mothod of concentrabing normel eerebrospinel fluids
has been tested and found to be valusble.

2« With the eleotrophoretie method used the pattern of
eeyebrospinal fluid protein is eharacterized hy a aomponent in front
of the albumdin and an inevessed Bes.ght of the beta globulin peak.

& Hembwanfiltergesellschaft ) ‘
Ber torlus-ferke Akbiengesellachaft & Co.
(20b) Gottingen (Hen),

Germany.
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APFENDIX
1. Jbem 4 92,

The distancs on the paper atrip whish the voltage drops is
not the mebusl distence "17 but the theoretieal distance Hlq %, the
tortuous course of fluid through the papar.

The distance that the protein molecule travels 18 nobt "x" the
moesurable distanee, bubt "x)® a theoretiosl distance travelled as it
follows the path of the fluid in the paper.

1 1 1
xl = % (ll)
(i) (10)
In » free solubion, the protein particles travel the dimtance "x", i.e.
X® Bt or (8ee 9)
% ® uty (See 4)
7 ,
Substitubing X3 = uty (11)
1
% (1) = uww
1 1
(9] W
%= uby Hz o
1y (12)
bub x& ubl
qk (see 5)

In sone electrophoresis, "q" is determined by the crose
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ssotion of the paper, snd e designated f’qaé.

%, ® ub
1 gﬁ" (13)

Subatituting x((;,é_; = uti

L %k(%.;g‘ (14)
As n vopsult of expevimentation, Kunkel end Tiselius found that
the length 1,, could be correlatad with the resistance of the peper
strip, Thus
13 ® Rgk (15)
where R i8 the resistance of the psper atrip.
2. Item B.
Lot xgq, * distence travelled by dextren.
Rg1h = distance appavently travelled by slbumin,
therefore actual distance travelled by elbumin 2 %z, o X

sinee u - 2 '
e (soe 7)
then ug)h = Kaex £ %ap (26)

Bt
similarly, the mobllity of the electvosmatic flow (ugy) is

Yol * ¥agx
X
thexofore agx . %1
¥alb ¥ ¥gex  wngyy (17)

ainge ' Up) is o constant, no matter what éiatanea, time oy field abtrength
“Ualh
are uwsed,  Rg.. ghould alwo b@ e constant.
%alb ¥ Xgex




