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SUMMARY 
‘,,, 

‘, 

This report describes a n&r&scale method for preparing continuous. concentra- 
tion gradient rods of polyacrylamide gel! 

Polyacrylamide gradients..(&25%) were used to separate proteins of molecular 
weights ranging from about”roa to less than 7 x 104. 

INTRdDUCTION 
4 

,’ ‘. 

The’ resolution of the electrophoretic separation of proteins 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 
mob,ilities 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 
thelmacro-scale~preparation of polyacrylamide slabs or rods of continuously increasing 
concentration,of the.gel, were described by MARGOLIS and co-worker+4, 

; : In’ this laboratory, a micro-scale separation system based, on a continuous con- 
centration gradient of the polyacrylamide gel .was developed to make it possible, .to 
analyse 1 the,:minute samples of colloid that .are obtained by the.. micro-puncture of 
single ,rat .thyroid,t follicles. These samples, about 0.1-1 nl in volume,, ,were c,found to 
contain :a. number of iproteins ‘with greatly differing sizes,, their ‘molecular, weights 
ranging ‘from ~~,200,000 .(27S iodoprotein). to less .than 70,ooo (“prealbumin’.‘): In the 
polyacrylamide system .adopted for’ the separation ,of- these thyroid:‘proteins ( IOY~ 

polyacrylamide ,,gell’in s-p1 micro-cap@), the large iodoproteinsi .27S,,., rgS..and. 32S, 
migrate, gith R,~:‘.values of less than, 638 and’ the ,prealbumin ifractions. near. the front. 
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,. . 

Fig. -,I ;i AIjp&atus &or preparing micro-gels. Tko gradient tube (gt) was mounted on the lift and 
partially .:filled~ with scaling gum and a ,concontratod sucrose solution.: The dense chamber (dc) 
and the’mixing.chambor (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- inserted into’. the ‘mixing chamber. After. preparation of the gradient, the graclient mixer 
and the’. stfrrer .were ke-positjoned; .the cap~llarios in the capillary holder (cap) were placed above 
~~~yyfy~,!qf$he gel:solution.yJ, the Wyas sty-tied; ; ‘; ,I :. ., ., , I., , ,.. : ‘,. ., ; , : , ,, ,, 

.,.:<.,,. ” ” ,.,(, I . . . . ii”, ; ‘) . . 1 ., .’ 

ken&it was ,iiecessary toTdevelop amsystem for,the analysis of small and virtually in- 
divisibk’. samples,that ,contain proteins tiith, a wide range of molecular size. 

../ ,.’ ; “,~ ,: ,; .,..‘. ,,:’ :,“‘,> ,I’ .,,., . . ,. ,’ ,. .:: ; .., :.., ,.” 
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Fig. 2. Schematic representation of the arrangement for water equilibration in the ,+@ capillsries. 

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-@ capillaries were too short for this equilibra- 
tion and therefore two s-p1 capillaries were inserted 5 mm into a slightly wider gltis 
tube (XOO-,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. rb). 

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

(I) Preparation of a concentration gradient. 
(2) Filling ,previously equilibrated capillaries with the acrylamide gradient. 
(3) Sealing the bottom of the capillaries, emptying the’graclient tube and ,light 

polymerization of the acrylamide gradient in’the capillaries. 
The polyacrylamide gradient was prepared from 5% and,25% acrylamide solu- 

tions,, prepared as described in Table 1. The volumes of the 5%’ and the 25% acryl- 
amide solutions were 0.50; 0.75 and 0.65 ml, for the 5-, so- and IOO-~1 gradients, re- 
spectively,. and the heights of the gradients were 7.0, 12.5 and 15.0 mm, respectively. 

Before the preparation of the gradient, the gradient mixing device was positioned 
with the drainage’ tube of, the mixing chamber about I mm above the surface of the 

‘. 

TABLE. I 

REAGENTS FOR PREPARING 5-2fj”/o POLYACRYLAMIDB GRADIENTS 

The stdclc solutioris A, I3 and C were mixed in the proportions I :3 :4. 

Rca,qml A (PW 6.8) A (W 8.8) R (5%) B (25%) C 

&& : 
'&G g 8.6 g . 

Tcmodb- 0.63 & 0.63 6 
H,SO& (3aG N) to pH 6.8 to pH 8,s 
Aqqylamido : ,. 
Biso 

58 256 ; ” 
200 mg 

2oom$ , .~ )’ ,: 

Riboflavino’ ,’ .:. ., ,., ,.‘, ” : 
T~tnl ,volu,me . . 100 ml . ,,I09 ml >., 37*5 ml,, :’ ,.37.5 ml% :;::r:. ,: ,:,,: 

,.:y,!‘:., ,,;: I; ,‘,.; ‘. ,: ,‘>. : ,I. I ,’ * .I ‘, : ,,*,,” ‘. ,” 

,, , ,, ‘,.. .‘I. Trishydroxymethylnn+omot;hane, . 
_‘. .’ 

1 ,.’ a’N,N,N’,N’-Tetr~me~~yldth~lenecliani’if;i~. ,’ 1 '. 

. , ., (,' ! ; .i ,',. 
.' 

19.. I' 
,. 

~:.;,(,‘:".'c'N,N'LMet~yleno~isslcrylnm'iclo.",, ! ‘: I,‘,~ f ,.’ <I .” “, ‘,:‘,:“‘I 
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7oy0 sucrose. solution in the gradient tube. The 25%. acrylamide solution was passed 
into the I’dense‘chamber”,, and into the connecting chan’nel by opening the valve. The 
valve ,was then closed and the bottom of the mixing chamber was covered with a 
small’ amount ef 46% sucfose solution in water. The 5% acrylamide solution was 
layered .on the top of the’sucrose and the stirring. rod was inserte’d into the mixing 
chamber. The sucrose solution on the bottom of the mixing chamber started to flow 
through the drainage tube and the interface between thelsucrose solution and the light 
acrylamide solution sank slowly in the mixing chamb,er. When this interface was at 
the level of the connecting channel, the valve was opened and the stirrer started. When 
the .mixing chamber wasalmost empty, 0.7 ml of a ,3o% acrylamide solution was 
poure?:,into the dense’chamber and allowed to follow the gradient and form a cushion 
between the gradient a&the 46O/o sucrose solution. 

The whole procedure was carried out shielded’ from daylight and at room tem- 
perature;: Before ;tlie -capillaries were filled, the’ gradient was allowed to stand for 10 
minin. darkness. :. )I .( 

: ., +.‘: T,~e,‘..~quilibrate~, capillaries were placed 2-3 mm above the surface of the gra- 
diei)!::;~~~;‘tl~e,~~~~.,wjs,:sta~ted (2 mm/min). All four layers of fluid in the gradient 
tlibe,~~~r~,:ijassed:by the c,apillaries, the lower ends of whidh,were finally pushed into the 
sealin~-:gum,:at:,.Itli~‘:bottoin, of the gradient tube; All fluid in the gradient tube was 
withdr~&a$with a syringe;, The. polymerization of, the. acrylamide was accelerated by 
illumination “of the capillaries for ~6-20 h. 

The gel cushionwas added, to the system mainly as a buffer between the gra- 
dient,.and the steel rod used for pushing .the gel out of the electrophoresis capillary. A 
relatively.,large:,p& of,.this cushion was crushed~ when, the gel was .pushed out and it 
was:therefore,~important that no proteins migrated into the cushion. 

To study the’ quality. of. the concentration gradients, the polyacrylamide gels 
were,.‘stained 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 of a’gelwas almost~:completely5de-stained, the amount of stain in the gel was .re- 
corded:directly. in a previously. described micro-densitometerG, 
.: “_.“‘, < ‘( i ,:The,,‘gels wereiprepared for electrophoresis by removal of the, water above the 
gei.(+ ~20~~~~sucrose solution in phosphate-buffered saline (PBS), pH,...6.8, was layered 
o,n .the top of the gel and the meniscus between the sucrose solution and the upper 
surface of the gel as well as the migration distance were indicated on the outside of the 
electrophoresis capillary. 5 

On ‘acrylamide gradients ,prepared,at .pH ,8.8, .a 3% stacking gel at' pH 6.8 was 
.’ ( 

.’ 

layered;:,PBS-buffered test samples in 5% sucrose were layered on the top of the gra- 
dients:or on the stacking gel;” ‘, “’ ,I 

‘, ‘, 

,The electrophdreseswere run with a square”wave (500 Hz,. 75 V), layered on, an 
off+et,, potential ‘of, 25 V’ ‘( 113 Electronic, Gothenburg, Sweden) a .,,The square wave, had a 

&:25!‘/d,~or ~$$, duty’ cycle; ‘The ,electrophoresis was indicated with, Bromophenol Blue 
arid:eh“e:run,was’intei-rupted.‘~hen,.the:“tracking dye had migrated 80% of the gradient 

‘,,ldngth’il,This.c~rjirespqnded’to,g.6, IO;O and I2omm in the s-,:50- and roe-,&grad.ients; ., , 
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during this preparation, the length was increased by approximately 20%. The protein 
patterns were recorded directly from the gels by micro-densitometrys. 

Samples of soluble thyroid proteins were prepared from the supernatant of rat 
thyroid homogenates centrifuged at 105,000 x g for x h. All test samplds, were pre- 
pared in 5% sucrose in PBS, pH 6.8. For comparison, the samples were run on both 
standard gels of varying concentrations and on the gradient gels.. 

Fig. 3. Densitomctric recording of the absorbance in 51 54 gradient gel (5kz5Oh) after staining 
(hmiclo Black) and partial dc-staining. 0 
millimetr& 

= origin. The figures ropresetit the length of the tie1 in 

Fig. ‘4; ~ens~t~metric recording of the absorbance in a 504 gradient gel (5-25 %). This recording 
w?~ obtained with. slower.papcr speed than in Fig. 3. 0 = origin. .‘, 

RESULTS AND DISCUSSION 
,, ,I .’ ! ‘. 7 

. ; Recordings ,of the stained, and partially de-stained gradient ,gels are shown in 
Pigs.l,3, a,.nd.,~.~ It &evident th,at the. recorded absorbance, in the gel increases almost 
linearly~ from the origin towards the -end of the gradient gel. .This is .duea to the. fact 

that the rate of disappearance of stain from ,the. gel during .de-staining is correlated 
with the’.polyacrylamide concentration, and a high-concentration gel retains the stain 
longer, than does a low-concentration gel.,Hence,the absorbance patternindicates~that 
the polyacryla,mide concentration. increases ,.almost. linearly. ,from the, origin ,towards 
the..endf of the gradient gel. :The border between, the. gradient .and. the,,cushion, gel is 
notsharp !butforms a smoothly curved region. This is. probably. partly due:to diffusion 
of the gel constituents during the slow polymerization process and, partly to.‘diffusion 
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Fig. 5.’ DiSit@,m&ic recordings of the first part of (a) 10% and (b) ~0% scparakon gels, (5 @I). 
Idontic&l test samples of rat thyroid soluble’ proteins. ware skpakted 9~ ‘the gels. 0 ‘P .origin ; 
TG P thyroglobulin. Z$owly migrating proteins (indicated by arrows) did not separate @rn thyro- 
globulin in’ the 20% gel. 

,., ). 
,’ ‘, ‘, ‘. ‘. 

:. 
:,. . ,:,. ,, ., ., 

o$r stain in :the gel. The: diffusion of stain out of the gel is faster. at the ends, which 
results in ‘the stee# decline’ of the absorption at the high-concentration end of the gel 
(Figs. ,3 and .4). 

Separationl+tterns of the larger soluble thyroid proteins on a, 10%. gel and: a 
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Fig. 6. Densitometric recordings of the separation of thyroid proteins on (a) a s-z~Y( gradient 
gel (5 ~41) and (b) on a 20% separating gel. 0 = origin ; TG = thyroglobulin ; a = albumin. Albu- 
min migrates a greater distance in the gradient gel than in a 20% gel during otherwise identical 
separation conditions. 

Fig. 7. Donsitometric recording of the separation pattern of thyroid proteins in a ~-25% gradient 
gel (50 pl), pH 8.8, 3% stacking gel, pH 6.8. 0 = origin; TG = thyroglobulin; a = albumin, 
Seven fractions. (indicated by arrows) were observed in the proalbumin region of the gel, 

’ .’ 
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