COUNTING SOLUTIONS

LSC TECHNICAL TIPS

Sample Preparation of Electrophoresis Gels
for Liquid Scintillation Counting

I ntroduction

Polyacrylamide gel electrophoresis (PAGE) is a
technique commonly used for the separation and
identification of biological species. Electrophoresis
can be best described asthe movement of small ions
and macromol ecul esin solution under theinfluence
of anelectricfield. Therate of migration dependson
thesizeand shapeof themol ecul g, theporosity of the
gel matrix, the charge carried, the applied current,
and theresistance of the medium. Electrophoresisis
carried out in gels cast either in tubes or as slabs.

Gel Types

A number of gel materials have been used success-
fully for electrophoresis including agar, agarose
and polyacrylamide. Agar and agarose gels are
prepared by heating the granular material in the
appropriate electrolyte buffer, casting the gels and
allowing them to set while cooling.

Polyacrylamide gels are made from acrylamide and
N,N'-methylene bisacrylamide (bisacrylamide)
mixtures dissolved in electrolyte and polymerized
by the addition of chemical catalysts. Cross-linking
agents other than bisacrylamide have been used
and include DATDA (diallyltartardiamide), BAC
(N,N'-bisacrylylcystamine) and ethylenediacrylate.!
The location of the various compounds within the
gel is determined by staining and the presence of
radioactivity in discrete zones. Sample preparation
for analysisby liquid scintillation countinginvolves
either elution of the samplefromthegel or complete
dissolution of the gel.
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Elution

The complete solution of the gel is not required
for satisfactory counting. This is indicated by
the observation that when acrylamide gels are
treated with a solubilizer, such as Solvable™,
Soluene-350° or their equivalents, the gel swells
rapidly and the entrapped macromolecules diffuse
out into the solubilizer. Addition of an appropriate
cocktail results in a suitable counting medium.
During this diffusion process, it is presumed that
the macromolecules (proteins) are partially
hydrolyzed by the strong organic base.?2 After 10to
20 hours of digestion with the solubilizer at ~45 °C
of 1 mm gel dlices, the undissolved gel can be
removed after being counted and no perceptibleloss
of either *H or *C counts or changes in the isotope
ratiosof the samplesare observed.2 Another method
of preparing the gel slicesfor counting isto add the
1to2 mmgel sliceto 5 mL water and macerate the
dlice with the aid of a stirring rod. This mixture is
allowed to stand at 50 °C for about two hours,
cooled, and then 10 mL of a suitable cocktail, such
as Insta-Gel® XF or equivalent, is added.

Dissolution

Thealternativeto el utionisthecompl etedissolution
of gels. Thisispossible using avariety of reagents
including hydrogen peroxide,* periodic acid,®
2-mercaptoethanol ,® piperidine(containingEDTA),
alkalis and ammonia. The selection of a suitable
reagent depends upon the gel, and the choice of
crosslinker dictatesthe required dissolving reagent.
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* Acrylamide gels cross-linked with DATDA are
dissolved in 0.5 mL of 2% periodic acid in two
hours at room temperature’” and the digest can be
counted in 10 mL of a suitable cocktail such as
Insta-Gel XF, Ultima-Gold™ or equivalents.

* Acrylamide gels cross-linked with BAC have
previously been reported to be dissolved in
2-mercaptoethanol .®

* Polyacrylamidegelsthat aresolubleinalkaliscan
be constructed using ethylene diacrylate as the
crosslinker instead of bisacrylamide.

* Polyacrylamide gels cross-linked with
bisacrylamide can be dissolved by adding the
1to2mmgel sliceto 0.5 mL of 30% (100 volume)
hydrogen peroxide and heating at 50 °C until the
gel dissolves. Some authors use a one hour
digestion at 55 °C,® overnight at 40 °C,® and
overnight at 60 °C.° The hydrogen peroxide also
decolorizes the stained gels.

Practical Considerations

Whenusing hydrogen peroxide, cocktail selectionis
extremely important due to the potential for
chemiluminescence. When peroxides are present
in an alkaline medium, the chances of chemilumi-
nescence are high. Consequently, after dissolving
the gel dlicein hydrogen peroxide, it isadvisableto
add a small amount of 1 to 2 M HCI to keep the
mixture neutral or slightly acidic. Inaddition, traces
of copper ionshave sometimesbeen addedtoaidthe
decomposition of the excesshydrogen peroxideand
the presenceof theseionsintensifiesthe chemilumi-
nescence in an alkaline medium. Suitable cocktails
includeHionic-Fluor™ and Aguasol ®-2 (both acidi-
fiedwith0.5mL 2M HCI per 10mL cocktail). Inone
instance, aresearcher was confronted with this par-
ticular problem and the results of the investigation
are shown in the following section, titled Sample
Preparation Methods.

Certain researchers'® have criticized the use of hy-
drogen peroxide and heat onthe groundsthat during
digestion, radioactivecarbon dioxideand water may
be lost. They proposed the digestion of 1 mm gel
slicesusing 0.25mL of amixturecontai ning onepart
concentrated ammonium hydroxide and 99 parts
30% hydrogen peroxide at room temperature for
fourtoeight hours. Thismethodisreportedtobefree
from the danger of loss of radioactivity because of
the low temperature digestion.

Agarose gels can berapidly and easily dissolved by
treatment with sodium hypochlorite solution for
about one hour at ~45 °C. In thisinstance, cocktail
selectionisvery important asany residual hypochlo-
rite solution has a tendency to decompose under
acidic or dlightly acidic conditions and produces
chlorine, which can lead to chemiluminescence.
This chemiluminescence only becomes apparent
after standing for longer than 24 hoursandtherefore,
cocktail selection is important. At present, the
recommended cocktail for this application is
Hionic-Fluor.

All the methods mentioned previously are suitable
for theisotopesnormally encounteredin gel electro-
phoresis with one modification; *2P can be detected
and counted inwet gel dlices, either aloneor covered
in buffer, by Cerenkov counting.

Sample Preparation Methods

Method One— Acrylamide (Bisacrylamide)

e Add 1to 2 mm gel sliceto 0.5 mL Soluene-350
or Solvable.

* If the gel piece has been dried, allow the gel to
rehydrate for approximately 15 to 30 minutes.

» Ensurethegel pieceisfreefloatingfor best results.

« Stand at 50 °C for about three hours, duringwhich
time the gel will swell.



 Cool to room temperature and add 10 mL Hionic-
Fluor or Ultima-Gold and vortex. Asthe material
is eluted out of the gel, the gel will collapse.

e Allow to temperature and dark adapt before
counting.

» The samples may be counted immediately with
consistent results; however, for maximum
recovery, alow the samples to sit overnight at
room temperature. Occasional vortexing will
speed diffusion.

Method Two —Acrylamide (Bisacrylamide)

* Add 1to2mm gel sliceto 0.5 mL water.

* Macerate the gel slice with aglassrod.

* Stand at 50 °C for about two hours.

* Add 5to 10 mL Insta-Gel XF.

J AIIovx_/ to temperature and dark adapt before
counting.

Method Three— Acrylamide (Bisacrylamide)

°* Add 1 to 2 mm gel dlice to 0.5 mL of 30%
(100 volume) hydrogen peroxide.

 Stand at 50 °C until the gel dissolves.

e During this time, the hydrogen peroxide
decolorizesthe stained gel dlice.

¢ Cool to room temperature.

e Add either 10 mL Hionic-Fluor or 10 mL
Aquasol ®-2.

e Allow to temperature and dark adapt before
counting.

" Sodium hypochlorite, more commonly known as bleach, is
available from most lab supply houses, and should have
greater than 5% available chlorine.

Method Four —Acrylamide Gels (DATDA)

°* Add 1 to 2 mm gel dlice to 0.5 mL of 2%
periodic acid.

e Stand for two hours at room temperature, or until
dissolved.

* Add 10 mL of Insta-Gel XF or Poly-Fluor™.,

* Allow to temperature and dark adapt before
counting.

Method Five— Agarose Gels

e Add 1 to 2 mm gel dlice to 1.0 mL sodium
hypochlorite solution.”

e Stand at 50 °C until the gel dissolves (usualy
about 45 minutes).

* Cool to room temperature.
e Add 10 mL Hionic-Fluor.”™

e Allow to temperature and dark adapt before
counting.

Acrylamide (Bisacrylamide) With Hydrogen
Peroxide/Copper Sulfate

Typically, copper is added to hydrogen peroxide
to promote rapid catalytic decomposition (other
ions, such as iron and chromium also promote
decomposition). Unfortunately there is another
reaction which can occur in addition to decomposi-
tion and this causes luminescence. If the pH is at
or above 7.0, these metal ionsreact with peroxideto
produceabrown col orationand chemiluminescence.
If the medium is kept acidic, the undesired reaction
issuppressed and no chemiluminescenceisseen. To
confirm this, various samples were tested with
selected cocktails:

Samples:

* 0.4 mL 30% hydrogen peroxide heated to 60 °C
(two hours).

e 0.4mL 30% hydrogen peroxidewith4 mM copper
sulfate heated to 60 °C (two hours).

" In some cocktails, sodium hypochlorite decomposes and
releases traces of chlorine, which causes chemilumines-
cence. Currently, Hionic-Fluor is the only suitable cocktail
to overcome this.



Cocktail Sample 2 Minutes 15 Minutes 30 Minutes | Observations
Formula-989 | 0.4 mL H,0, 56 CPM 22 CPM 24 CPM Colorless
Aquasol-2 0.4 mL H,0, 38 CPM 22 CPM 24 CPM Colorless
Pico-Fluor 40 | 0.4 mL H,0, 23 CPM 17 CPM 19 CPM Colorless
Hionic-Fluor | 0.4 mL H,O, 27 CPM 21 CPM 23 CPM Colorless
Formula-989 | 0.4 mL H,0,/CuSQ, 374 CPM 41 CPM 33 CPM Yellow/brown
Aquasol-2 0.4 mL H,0,/CuS0O, 444 CPM 135 CPM 91 CPM Colorless
Pico-Fluor 40 | 0.4 mL H,0,/CuSQ, 273 CPM 52 CPM 44 CPM Yellow/brown
Hionic-Fluor | 0.4 mL H,0,/CuSQ, 394 CPM 69 CPM 49 CPM Yellow/brown

Table 1.
Background results with various combinations of reagents and cocktails.
Cocktails: Of the cocktails used above, only Aquasol-2 has a

* 6.0 mL Formula-989.

* 6.0 mL Aquasol-2.

* 6.0 mL Pico-Fluor™ 40.
* 6.0 mL Hionic-Fluor.

These combinations were tested by adding the
samples to the cocktailsin 20 mL glass vials, then
monitoring the background for a two minute count
time in a0 to 18.6 kev window using a
Tri-Carb®Model 1900 operated at 19 °C. Theresults
arein Table 1.

pH less than 6.0, but it is not sufficiently acidic
to suppress the chemiluminescence. The other
threecocktailshaveapH of approximately 7.0. This
series of experiments shows that the presence of
copperionsinaneutral, or slightly alkalinemedium,
is indeed the cause of the chemiluminescence. To
confirm this, the sample preparation with 0.4 mL
30% hydrogen peroxide and 4 mM copper sulfate
(heated for two hours at 60 °C), was repeated, and
0.4 mL 2 M hydrochloric acid was added to the
samples before adding the cocktail. The results
obtained are tabulated in Table 2.

Cocktail Sample 2 Minutes 15 Minutes 30 Minutes | Observations
0.4 mL White emulsion
Formula-989 H,0,/CuSO,/HCI 26 CPM 17 CPM 18 CPM (unsuitsble for counting)
A [-2 0.4 mk 25 CPM 19 CPM 23 CPM Clear/colorl
quaso H,0,/CuSO,/HCI ear/colorless
Pico-Fluor 40 0.4 mL 19 CPM 20 CPM 18 CPM Cl lowl
ico-Fluor H,0,/CuSO,/HCI ears slowly
Hionic-FI 0.4 mk 19 CPM 23 CPM 23 CPM Clear/colorl
ionic-Fluor H,0,/CuSO,/HCI ear/colorless
ioni 0.4 mL 32 CPM 24 CPM 20 CPM | Clear/colorl
Hionic-Fluor H,0,/CuSO,/HCI* ear/colorless

*Only 0.2 mL 2 M hydrochloric acid was added.

7able 2.

Background results with reagents modified with HCI.









