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The effect of carbohydrates on the quant1tat1ve determination of HMF was' also
examined. The experimental procedure, in this case, was as follows: A single sugar or
a combination of carbohydrates were mixed with a known volume of TRI-SIL and
left for 5 min at room temperature. To the mixture was then added a known amount
~ of a benzene solution of HMT and after the appropriate waiting period the material
was examined by gas chromatography. A typical chromatogram of a mixture con-
taining several sugars and HMI is shown in Fig. 1. The retention times of various
sugars, as compared to HMT, are shown in Table III. The retention times show that
of the sugars tested only xylose and ribose interfere, but even in these two cases the
peaks can easily be resolved. A chromatogram showing the level of mterference by
the two sugars is presented in Fig. 2. :
Furfural has no hydroxyl group and, therefore, cannot form an ether derivative
with the TRI-SIL reagent. Under the experimental conditions used furfural does not
Jinterfere with the HMF determination even when the concentration of furfural is

three times that of HMF.
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CHROM. 3609

Analytical fractionation of plant and animal proteins by gel électrochu.sing‘

The technique known as isoelectric focusing or electrofocusing involves the
migration of protein molecules to the regions of their isoelectric pH values in a pH
gradient. In the original procedure!,?, the pH ‘gradient is produced in a spec1a.11y
_ deslgned column by applymg a voltage toa nuxture of car r1er ampholytes stablhzed
fractions drained from the column The present communication describes” a simple -
. procedure for the rapid analysis of small amounts of protein using the principle of
isoelectric focusmg By performing the fractionation in tubes of polyacrylamlde gel
‘ contalmng protein samp]e and carrier ampholytes, a number of samples camn be anal-
ysed sunultaneously in several hours, compared w1th several days for a smgle frac—

' tlonatlon by the original procedure. . .
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«The’ apparatus for gel: electrofocusmg was srnnlar to that useéd for dlSC electro-
phores1s (Davis?). The' polyacrylamide gel was set in- glass tubes 5 'mm in- dlameter
and either 65 or 120 mm long. The tubes were 1nserted in holes (rimmed with’ rubber
. grommets) in the base of an upper electrode vessel and dipped: into the electrolyte
of a lower elect1 ode vessel.

TABLET . ‘ .

SOLUTIONS FOR POLYMERIZATION OF GELS FOR ISOELECTRIC FOCUSING '~

Céitaly.ét solution - S v Cohcémrated gel inixture ‘
N,N,N’,N’- 'letramethyl- A o Catalyst solution. .. . ... .08 ml .
ethylenedlammel PEOE -3 ml ‘ amide’ ic 13,01
Riboflavin L ,_,14 mr,
Water 20 to 100 ml

Acrylamzds S G L
N,N’ -Methyleneblsacry]anude 0.8¢g ' Concentrated gel mxxture 0.5
Acrylamide , 3og ’ -~ Protein sample = . .30=~300 ug

Water ' ' to 100 ml Water o ‘to 1.5 ml

water and photopolymenzed by exposure ‘to a ﬂuorescent hght \for 30 mm (Alter-
natlvely, the gel can be polymerized chemically by replacing the riboflavin with 0.7
mg ammonium persulphate per.ml.gel.) When usmg gluten proteins, urea was used
in ‘the sample toigive'a concentration of 2 M in the gel. Carrler ampholytes (40 %
solution) were obtained from LKB-Produkter AB, Sweden.

I‘ractlonatlon was performed at room temperature. Eight gel tubes were
'placed in the upper electrode ‘vessel (anode) which was filled with 250 ml 0.2 Y%
sulphunc ‘acid. The lower vessel (cathode) contamed 250 ml o. 4% ethanolamme A
carrent of T mA’ per tube for long gels or 2 mA per tube for short gels was mamtamed
by gradually increasing the voltage up to 350 V. This voltage was mamtamed to the
end of the run. The electrlc ﬁeld was apphed for a totalof 3 h for short gels or 5 h for
long gels i e et SR .

ing - w1th a: hypodermlc needle w1th
.the gels were . V1sua11zec1 as whxte
T hloroacetm ac1d Smce the carrier
. uch a ._amldo black, the: gels must be
washed repeatedly in's.%: tr1chloroacet1c acid'to® remove ‘the: ampholytes ‘The washed
gels were stained for one hour in a.mldo black (I % m 7 % acetic ac1d) and destamed
by washmg in7 9% acetic acid. : :
The course of the pH grachent in gels was’ determmed by cutting 5 mm sectmns
from an unstamed gel run sxmultaneously with. stamed gels, soakmg each, section in
2 ml water for several hours'and : measuring the pH of the extracts: The pH gradxent
was reproduc1ble for gels run simultaneously.
i . Water:soluble proteins .of wheat flour (variety Gabo) were extracted with
sodlum pyrophosphate (0.01 M, pH 7) after an initial extraction with water-saturated
butanol (WRIGLEY4). Gluten proteins were extracted from the same flour sample with
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A, and A, (and at higher loadings Aj). Dephosphorylated ovalbumin. showed. two
bands, dephosphorylated A, (with a similar isoelectric point to A,).-and.Az;. PERLMANN?
reported that the isoelectric points of ‘A;, A; and Ay-are;4.58;:4.65:and 4.74: (0.1 ionic
strength). Fig. 2ze shows the separation of P1 and P,'from. plakalbumin.. (1soe1ectnc
points 4.72 and 4.80, respectively). The isoelectric points of these proteins separated
by gel electrofocusing (see,pH . curve, Fig. 2), correspond approximately to the values
reported by PERLMANN. Although gel electrofocusing in 5 mm tubes does not. permlt
accurate determination of the isoelectric point, the. techmque serves. as a guide in
‘establishing the most suitable conditions for preparatlve :tractlonatmn in 'sucrose
-density gradient or in larger gels. . .

- Preparation of fractions .and more accurate determmatlon of 1soe1ectr1c pomt
is possible.by. performmg gel electrofocusing in a slab of gel instead of in columns.
For the slab technique protein fractions are located by staining a test strip cut; from
the side of the gel. Electrofocusing in a gel would be more suitable than electrofocusmg
in a density gradient for the fractlonatlon of proteins that tend to prempltate at the
isoelectric point.

Gel electrofocusing can be used for analysmg very small amounts of protem
in low concentrations. Using the gel formulations in Table I, a minimum concentration
of 0.002 % protein can be used. When using samples of higher concentration;, an
alternative method-of application is to layer the sample solution. (containing I0 Y%
sucrose) on topof the gel and under a protecting layer of carrier: ampholyte solut1on
(containing 5 % sucrose).. : ‘ : ‘

Note added n ;broof -

- At about the same time as preliminary reports®? of this work were presented,
variations of the techmque were described by DALE AND. LATNERW and LEABACK AND
RUTTER, : : : :
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