JOURNAL OF CHROMATOGRAPHY 499
CHROM. 6091

MICRO-SCALE PROTEIN SEPARATION BY ELECTROPI—IORESIS IN
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SUMMARY

This report descnbes a mlcro-scale method for preparmg contmuous concentra—
tion gradient rods of polyacrylamlde gel.

Polyacrylamlde gradients (5-25%) were used to separate proteins of molecular
weights rangmg from about 10% to less than 7 X 104,

INTRODUCTION‘ L B . o

The resolutlon of the electrophoretic separation of protems is enhanced by
carrying it out in supporting media that exert a molecular sieving effect. In such
separation systems, the importance of the variations in the free electrophoretic
mobilities is reduced and the resulting separation pattern is due to a large extent to
the size and configuration of the proteins, Polyacrylamide gels. of low and high con-
centrations are used extensively for the separation of large and small proteins, respec-
tively, and gels of adequate concentrations are easily chosen for specified separation
purposes. By using continuous concentration gradients of polyacrylamide gels, the
separation power of gel electrophoresis can be further increased and more information
can-be.obtained on the protein composition of samples that contain a large number of
proteins. Such separation systems were first introduced by SLATER! and methods for
the macro-scale preparation of polyacrylamide slabs or rods of continuously i mcrea.smg
concentratlon -of the gel were described by MARGOLIS and co-workers?—4, .

In this laboratory, a micro-scale separation system based on a contmuous con-
centratlon gradient of the polyacrylamide gel was developed to make it possible to

- analyse the:minute samples of colloid that.are obtained by the micro-puncture of
single rat thyroid-follicles. These samples, about 0.1-1 nl in volume, were:found to
‘contain ‘a. number of -proteins ‘with greatly differing sizes, their -molecular. weights
ranging from 1,200,000 (275 iodoprotein). to less than 70,000 (‘'prealbumin’’). In the
polyacrylamide system -adopted for the separaticn -of these thyroid. proteins (10%
- polyacrylamide gel"in 5-ul micro-caps®), the large iodoproteins; 27S,.19S. and. 128,
mlgrate thh Ry va,lues of less than 0.18 and the prealbumin fractions near the front.
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I‘xg. 1. Apparatus for preparmg mlcro-gels. The gradwnt tube (gt) was mounted on the lift and
partlally filled’ with sealing gum and a concentrated sucrose solution. The dense chamber (dc)
~ and the'mixing chamber (mc). of the gradient mixer were connected by a valve .(v). The outlet
. from the mixing chamber was positioned over the sucrose solution in the gradient tube. The stirrer
was-ingerted into'the mixing chamber. After. preparatxon of the gradient, the gradient mixer
. and the'stirrer were re-positioned, the capillaries. in the caplllary holder (cap) ‘were placed above
- the surface of the gel solution and the llft was started

Hence 1t was necessary to develop a system for. the analy31s of small and v1rtually in-
dwmble samples that contam protems thh a w1de range of molecular size. :

".-“.‘. : .‘.

MATDRIALS AND METHODS

‘ _can be elevated (2 to' 20 mm/mm) by an excentre-plate connected to a motor w1th
: 'step\mse speed control +A-small plastics. tube (diameter. 13.mm for; the 5- and 50-ul

' gracllents and 10 mm\ for:the 100-ul gradlent) is' mounted on the lift and. partlally ﬁlled-
“with sealmg gum, on top of whlch a 70% sucrose 'solutlon (2 mm. layer) is placed

v The charnbers are mterconnectecl by a: channel d.lameter,
The bottom of the "m1xmg cha.mber is plerced by a
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Fig. 2. Schematic representation of the arrangement for water equilibration in the 5-;¢1> capillaries,

U.S.A.) were used. All the capillaries were filled with and kept in distilled water and
when required for use they were slowly removed from the water in a vertical position
to eliminate the capillary action. The 5-ul capillaries were too short for this equilibra-
tion and therefore two 5-/,¢1 caplllarles were inserted 5 mm into a slightly wider glass
tube (100-ul micro-caps) giving a total length of go mm (Fig. 2). The connections be-
tween the three glass tubes were sealed with wax. The capillaries were inserted into-a
holder, connected to the stand and positioned over the surface of the acrylamide gra-
dient (gt, Fig. 1b).

The main steps involved in preparing the micro—gels are as follows:

(1) Preparation of a concentration gradient.

(2) Filling previously equilibrated capillaries with the acrylamide gradlent

(3) Sealing the bottom of the capillaries, emptymg the gradient tube and light

- polymenzatlon of the acrylamide gradient in the capillaries.

- The polyacrylamide gradlent was prepared from 5%, and 259, acrylamide solu-
ti_ons, prepared as described in Table I. The volumes of the 5%, and the 25%, acryl-
amide solutions were 0.50, 0.75 and 0.65 ml for the 5-, 50- and 100-ul gradients, re-
spectlvely, and the heights of the gradients were 7.0, 12.5 and 15.0 mm, respectively.

- Before the preparation of the gradlent the gradient mixing device was positioned
w1th the dramage tube of the mlxmg ch'unber 'LbOth I mm above the surface of the

TABLE I

REAGENTS FOR PREPARING 5-25% POLYACRYLAMIDE GRADIENTS
The stock solutioris A, B and C were mixed in the proportxons I:34.

.Reagent A (pH 6.8) A (pH 88) B (5%) B (25%) C
Trist . 86g ‘ 86g
Temedb = .- 0638 =+ 0.63g
HaS04 (3.6 N) ‘topH6.8 - topHS8S8 S T
Acrylamlde o o . . ... 58 25 8
Bige' o o ' 2o0omg 200mg "
~ Riboflavine R TR T S : o o mges
- Total volume ‘., 100 m . . . rTooml .. . . 375ml 37.5_11_11; ‘soml ..

n Tnshydroxymethylammomethanc. ; .‘
b N,N,N’, N -Tetramethylcthylenedxa,mmc
’0 N, N’-Methylenebls'tcrylamide AR
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‘ 70% sucrose solution in the gradient tube. The 25%, acrylamide solution was passed
into the ‘“‘dense chamber”, and into the connectmg channel by opening the valve. The
valve was then closed and the bottom of the mixing- chamber was covered with a
small amount of 469% sucrose solution in water. The 5% acrylamide solution. was
layered on the top of the sucrose and the stirring.rod was inserted into the mixing
chamber. The sucrose solution on the bottom of the. ‘mixing chamber started to flow
through the dramage tube and the interface between the sucrose solution and the light
acrylamide solution sank slowly in the mixing chamber ‘When this interface was at
the level of the connectmg channel, the valve was opened and the stirrer started. When
the mixing chamber was almost empty, 0.7 ml of a 30%, acrylamide solution was
poured-into the dense chamber and allowed to follow the gradient and form a cuslnon
between the gradient and: the 469, sucrose solution.

' The whole procedure was carried out shielded from daylight and at room tem-
perature -Before: the caplllarles were filled, the gradlent was allowed to stand for 1o
mln in darkness

. The: equlhbrated caplllarles were placed 2-—3 mm above the surface of the gra-
dlent and the 'lift. was started (2 mm/min). All four layers of fluid in the gradient

, tube were passed by the caplllarles the lower ends of wh1ch were finally pushed into the
sealmg gum at the bottom of the gradient tube. All fluid in the gradient tube was

- withdraw ;w1th a syringe: The polymerization of. the acrylamlde was accelerated by
illumination of the capillaries for 16-20 h. :

‘ The gel cushion was added to the system mamly as a buffer between the gra-
‘dient and the steel rod used for pushing the gel out of the electrophoresis capillary. A
relatlvely large. part- of this cushion was crushed when the gel was pushed out and it
was therefore important that no proteins nugrated into the cushion.

L To study the quality of the concentration gradients, the polyacrylamide gels

, were stamed with 0.5% Amido Black in 7.5%, acetic acid. The gels were then de-

' stained for various times, depending on the size of the gel. When the low-concentration

part-ofa gel was almiost: completely de-stained, the amount of stain in the gel was re-

: corded d.lrectly in'a previously described micro-densitometer®. -

“The gels were. prepared for electrophoresis by removal of the water above the
gel A zo% sucrose solution in phosphate-buffered saline (PBS), pH.6.8, was layered

“on the top of the gel and the meniscus between the sucrose solution and the upper
~ surface of the gel as well as the mxgratlon dlstance were 1nd1cated on the out51de of the
_ electrophoresm capillary.

e - On acrylamide gradlents prepared at pH 8. 8 a 3% stackmg gel at’ pH 6 8 was

) layered - PBS-buffered test sarnples in 5% sucrose were layered on the top of the gra-
i d1ents or on the stackmg gel.” o

‘ ‘The electrophoreses ‘were run W1th a square ‘wave (500 Hz, 75 V), layered on an
: ff-set potent1a1 of 25 V/(IB Electronic, Gothenburg, Sweden)., ‘The square wave. tiad
- 25% or: 50% duty cycle. The electrophoresm was indicated with Bromophenol Blue

- and:the run was interrupted. when the' tracklng dye had migrated 809, of the grachent

,»”length ‘This corresponded t0'5.6, 10.0 and 12.0 mm in the 5-,"50- and 100-ul gradlents,

'r}‘respectlvely: Standard ‘gels® Wwith' various concentratlons were: prepared and runac-"

a8 - eta.lled descnptxon givenina prev1ous paper5 After. electrophore51s, the

'hed out from the! electrophoresm caplllanes, ﬁxed in’ 80% ethanol a.ndi.
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tely 20%. The prote

patterns were recorded directly from the gels by micro-densitometry®,

ma

d by approx

as increase
Samples of soluble thyroid proteins were prepared from the supernatant of rat

thyroid homogenates centrifuged at 105,000 X g for 1 h. All test samples were pre-
~ pared in 59, sucrose in PBS, pH 6.8. For comparison, the samples were run on both

MICRO-SCALE PROTEIN SEPARATION BY ELECTROPHORESIS
standard gels of varying concentrations and on the gradieﬁt gels.:

during this preparation, the length w
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- F:g 5 Densntometnc rccordlngs of the ﬁrst part of (a) IO% and (b) 20% separatxon gcls (5 ;d)
Identical test samples of rat thyroid soluble proteins were separated on the gels.. O = origin;
TG = thyroglobulm. Slowly migrating proteins (mchca,tecl by urrows) d1d not sepa.ratc from thyro-
globuhn in the 20% gel. : o : .

of stam’ in: the gel The d1ffu31on of stain out of the gel is fa.ster at the ends, w]uch

_results in the. steep decline of the absorption at the high-concentration end of the gel

(Flgs. 3 and 4). :

S Separa.tlon pa,tterns of the larger soluble thyroid proteins on a 109, gel and-a
: 20% gel from 5-ul ca.plllarles are shown in Figs. 5a and 5b. The thyroglobulin band

~(TGymol. wt. 670 000) is well separated from the slower migrating components in the

. xo‘V gel ‘but'not in, the 20% gelIna gradient gel; Fig. 6a, the TG band migrates a

o grea.ter dlsta,n ‘*than in'a‘xo:or-20%: gel and the separatmn from slower mlgratmg_

o cornponents is’n amta.med or 1mproved 2 2

H o
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IFig. 6. Densitometric recordmgs of the separatxon of thyroid proteins on (a) a 5—25% gradient
gel {5 ul) and (b) on a 20% separatmg gel. O = origin; TG = thyroglobulin; a = albumin. Albu-
min migrates a greater distance in the gradient gel than in a 209, gel during otherwise identical

separation conditions.

Fig. 7. Densitometric recording of the separation pattern of thyroid proteins in a 5-259%, gradient
gel (50 n1), pH 8.8, 39 stacking gel, pH 6.8. O = origin; TG = thyroglobulin; a = albumin,
Seven fractions (indicated by arrows) were observed in the prealbumin region of the gel.
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