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CHROM. 6188

Isotachophoresis used alone or in two-dimensional combination with zone

electrophoresis for the small-scale isolation of labelled ribulose-1,5-
diphosphate

By the electrophoretic method known as isotachophoresis, it is possible to
arrange ionic species into consecutive zones. Each zone will, at equilibrium, contain
only one ionic species and a corresponding amount of a counter ion. The ionic con-
centrations in the different zones will depend upon the concentration of the leading
ion and the mobilities of a number of ions in the system!. The length of the zones will
depend upon the concentration of the leading ion and the amounts of theionic species
present in the system. The zone length is independent of the concentration of the ionic
species at the beginning of the experiment. An ionic species present in only a trace
amount will therefore concentrate to give a very short zone (TFig. 1).
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Fig. 1. (a) The upper part of the figure shows a cellulose acetate strip in contact with a wedge-
shaped filter-paper (left) on which the sample(s) and the blue reference substance (t) are placed.
The lower’part of the figure shows the ionic concentrations along the strip and filter-paper. (b)
All the ions in the sample have collected into consecutive zones between the yellow 1mpur1ty (Y4)
from the strxp and the reference substance (t).

Br1ef dlscussmns of the basw theory of 1sotachophores1s are mcluded in recent
.revxew papers??,
_ +In this paper we describe how isotachophoresis has been used for the small-scale
1solat10n of labelled ribulose-x ,5 ~diphosphate  (RuDP), synthe51zed enzymatlcally

‘The two-dlmensmnml combmatwn of 1sotacllophore51s w1th zone electrophoresm is also
'descnbed ‘ : : -
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Fig. 2, Two-dimensional combination of isotachophoresis with zone electrophoresis: (a) the start
and (b) the end of the isotachophoresis. In (c), the anodic part of the cellulose acetate strip used
in the first direction has been transferred to a cellulose thin layer equilibrated with sodium-EDTA
(0.2 M, pH 7.4). In (d), the zone electrophoresis has been completed.

Isotachophoresis and zone electrophoresis

One-dimensional isotachophoresis was carried out on 1 X 20 cm cellulose
acetate strips (Macherey-Nagel & Co., Diiren, G.F.R.). The strips were moistened with
the leading electrolyte and placed on a siliconized glass plate. During the experiment,
the plate was cooled with tap water4. The sample (s), together with a small amount of
a blue reference substance, indigo tetrasulphonate (t), was applied on a wedge-shaped
filter-paper and placed in contact with the terminating electrolyte (g) and one of the
moistened cellulose acetate strips (Fig. 2). Samples of up to 0.2 ml were used. At 8oo-
1000 V, the experiments lasted for about 1 h. The position of the separation zone was
- indicated by the blue indigo tetrasulphonate band. Some of the 1mpur1t1es in -the
cellulose acetate concentrated to sharp zones, Three of them, all yellow, were also
used as mobility references. All sugar- phosphates were found between one of the low-
mobility yellow zones (Y,) and the hlgh-moblhty indigo- tctrasulphonate When the
electrophoresis was finished, the strips were transferred to a glass plate and dried in a
warm air-stream (not above 40°). The drying was completed in about 1 min. The
electrolyte systems used in the 1sotachophoret1c and zone electrophoretic expenments
are summarized in Table I.. B : - :

. Isotachophoresis for two-dlmensmna.l purposes was carried out on 0.4 X 20cm
cellulose acetate strips under the same conditions as the one-dimensional separations.
When the separation on the 0.4-cm wide strip was finished, the anodic part. of the

strip contammg ‘the separatlon zone was rapidly. transferred without drying to a
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TABLE I

ELECTROLYTES USED IN ISOTACHOPHORESIS AND ZONE ELECTROPHORESIS

Experiment " Buffer Concen- PH  Cathode Anode  Strip or Direction
system tration vessel vessel thin layer
(M) e
Isotachophoresis Tris-HCl o.4 7.5 -+ -+ 1
Tris—
glycine 0.2 8.0 - 1
Zone clectrophoresis  Sodium-
-EDTA 0.2 7-4 + + -+ 2

12 X 16 cm cellulose powder thin layer moistened with 0.2 M sodium-EDTA (pH
7-4) (Fig. 2). The thin layer was cooled with water during the electrophoresis, which
lasted for about 1 h. The potential was adjusted in such a way that the heating of the
thin layer was not more than 25 W.

Radioactive zones and spots were localized on the dried strips or plates radio-
autographically.

Preparation of labelied RuDP

[U-MC]RuDP was prepared in three steps.

Step 1. .0.08 umole (8.6 uCi) [U-1Cj]glucose-6-phosphate  ([U-14C]G6P) was
oxidized to [U-14C]6-phosphogluconate ([U-14C]6PG) in the presence of glucose-6-
phosphate dehydrogenase (EC r1.1.1.49), NADP and Mg?+ (ref. 5). The total reaction
mixture (0.2 ml) was subjected to isotachophoresis after 20 min of incubation at 30°
(Fig. 3A). The resulting narrow zone contammg [U-UC]6PG was cut out from the
cellulose acetate strlp and used as substmte in the next step.

‘ ].Ra.dxoa.utogra.phs of. 1sotachophore ic sei:a.ra.txons of the three mcubatxon mxxtures used
in the" enzymatic’ synthesxs ‘of [U-“C]RuDP from [U-“CJGGP (A) Transformatxon of G6P to
6PG; (B). 6PG: to ‘RusP; (C) Ru5P ‘to RuDP..
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s Steﬁ 2, The piece of cellulose acetate strip contammg the [U-14C]6PG-zone from.
" 'step I was .ihcubated.in the. .presence of 6-phosphogluconate dehydrogenase (EC
I.x.X.44), NADP and Mg?+ in optimal concentrations®. The volume of the solution was
. 0.2 ml The [U-“C]r1bulose-5-phosphate ((U-4C]RusP) was isolated 1sotachophoret1-
. cally (Fig. 3B).
e To check the efﬁc1ency of the one-dimensional 1sotachophores1s, a two—
s dtrnensmnal combination with zone electrophoresis was used. Also in these experi-
- ‘ments the total reaction mixture (0.2 ml) was placed on the wedge-shaped filter-paper
- used for apphcatlon purposes (Fig. 4).

.‘: "Flg Radlouutograph of a’ two-dxmensxonal separation of an enzymatm reaction mxxture in
.whxch 6PG is transformcd to RusP The corresponding one-dimensional xsotachophorems is shown
in Flg 2b.

(R Ste]b 3 [U-“C]RusP was’ phosphorylated in the presence of phosphonbulo- -
(i 3 kmase (PRK, EC'2.7.1. 19), ATP and Mg?+ (ref 6) to give [U-1C]RuDP (Fig. 2c).
[1-3*P]RuDP was prepared in onestep in a corresponding way In tlus 1nstance, S
. [‘y-""’P]ATP and Ru5P was the substrate for PRK?. : S
: .The method presented here for the isolation of labelled substances was very',[ :
: convement to use, as the electrophoretlc system involved the use.of the whole incubas

.~trat10n.

‘tion mixture without pre-treatmerit, de-protemlzatlon or concentratlon. Durmg the
11sotachophoret1c procedure, the labelled substances collected in zones of high. concen-
‘Because . of . their ‘high- concentratlons, the labelled substances ‘could be .

ocahz d. rad10autograph1cally after only 5 h of exposure. ‘As steps I and 2 could. be

ornpleted in 1. day and step 3 the followmg day,’ the whole synthes1s of [U-“C] RDP!-- :
¢ from.[U-“C]GGP ‘could: be completed in two days. = |
As:two' contmuous rradioactive. zones on a- one-dlmensmnal 1sotachophoret1c"-
- separation stnp would glve only one black band on radmautogra,phy, it was necessary
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5 f ;f to check the homogenelty of the radioactive zones by an additional method. For this :
s ’purpose, the two-dimensional combmatlon of isotachophoresis with zone electro-
- .phoresis:-was used. By this method, the degree of completeness of tiie 1sotachophoret1c"' ’

- ;separatmns .could also be checked.

Isotachophore51s either alone or in combination with zone electrophore51s seems

<_ ,to be a useful tool for the sma.ll-scale 1solatlon of labelled substances synthesized by
nzymatlc reactlons. ; - -
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