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SIZE OF SAMPLE IN STARCH ELECTROPHORESIS
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The present paper reports a feasibility study with regard to size of test sample in
starch block zone electrophoresis. A wide range was made possible through the use of
cellulase as the test material, the assay for which is very sensitivel:2. Evidence was
obtained im the course of the work which suggested the oeccurrence of dissociable
complexes in the enzyme preparation which was used.
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TERIALS AND METHODS

Stanch block zone electrophoresis of cellulase from Myrothecium verrucaria QM 4603
was carried out by procedures described elsewhere®»%. The buffer used was o.1 ionic
stremgth pH 7 sodivum phosphate, the field 8 ¥/cn, and the duration of the runs 60 h.

TABLE 1

CONDITIONS USED FOR EXTRACTION OF STARCH SECTIONS
AND ASSAY OF ENZYMIC ACTIVITY

Aot off Vol Oﬁ Abiguotof  Timeof
“ i o axiract: incubation
oLIgmRr f sz forassay  withCBLC*

off stancli:

nug mll ml nrin
20 S o125 2o
1o S .25 2o
2.5 & b 20
o.5 2 s 50
©o.I 2 b 410
.02 2 I 2400

* CAMC = carboxymethylcellmlose.

At the ends of the runs the starch blocks were cut inte 0.5-cm sections, the sections

weme exttracted with ampromriate volnmes of su\’frmm‘hm»m ﬂ111r] .and the extracts were
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analyzed for units of emzymic activity by pxocedlunes using carboxymethylcellulose
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as the substratel»2. Water or 0.01 % bovine serum :albumin solution was msed @s
extracting fluid in different tests. Details .of the conditions msed for extradtion of e
starch sections and for assay of .extracts for enzymic actiwvity are given im Tabie 1L

RESULTS

Results obtained with zo-, T0-, 2.5-, and 0.5-mgquantities of the cdlulase prepamaftiom
used as the test sample are compared in Fig. x. In the experiments canried omit wiith
these quantities of cellulase, water was used for extracting the sectioms of the stamdh
blocks at the ends of the runs. The notations which are givien for the different pealks
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Fig. 1. Comparison of electrophoretic .diagrams of cellulase wsing ({different :sizes of sammpile. Tike
location of the zone of dextran used as a markerisiindicated iby the:arrow on the:lsdissa.

correspond to those given in a previous paper3. The resclution is seen to Ibe generally
less complete at the 20-mg level than a‘t the lower lewvels, .an @bservation wihidh weas
confirmed repeatedly.

When the quantity of test sample was weduced t0 ©.1 mg, mescluation @&'Ipmmlkfs
became more irregular and the recovery -of enzymic activity in the extracts appeared
lower than expected, .as shown by the upper diagram ©of ]infg =, Wihen sectioms of
starch blocksatthe end of such runswere extracted with @.ox ‘% bovime serummn aliumin
instead -of ‘with water, more favorable mesults, shown in the lower diagram of tixe
ﬁgure, were obtamed Ina separate study~ this effect was shown to The due to a pro-

tective action of the albumin on the- .enzyme during the assay for activity.. IEmntirdly
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amalbgpus; results were: observed in comparable runs with o0.05-mg quantities of
cellinfizse..

Resulis: obtained] with 0.02: mg of cellulase, however, showecl poor resolutmn of
peaks;, evem whemn the sections of the starch block at the end of the run were extracted
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Figr. = Efffect off extraction: off starch: sections with bovine serum albumin solution on electropho-
retic diagrams: obtained. with o.x mg of cellulase.

wiiitthh Bvesriine serum albumin solation: (upper diagram, Fig. 3). The inclusion of 0.2 mg of
e 2l umiim with the: 0.02-mg: quantity of cellulase in the test sample brought about
considienable fmprovemnent in the data (lower diagram, Fig. 3). Here it would appear
tifiedt the albumim protected the enzyme from inactivation at low concentration within
e stanchh Block during the period of electrophoresis. The use of amounts of test sample
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gy 3. Elffect off presence off bovine serumm albunrin in test sample on electrophoretic diagratﬁs ob-
tained! with: 0.0z mg of cellulase.

loxwer tham o102 mg; was: found! to» be less feasible, mainly because of the: excessxvely
lomg peniods: off incubatiom required for the assays of enzymic activity.. . '

To obtaim further information regarding quality of resolution when dxfferent
sHizes off sammples; are: used), re-runs. were- made on fractions of cellulase taken from
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20- and 2.5-mg runs, respectively. The fractions which were tested for the re-runs
were selected at the centers of nine of the most prominent zones observed in the ori-
ginal runs and the sizes of the aliquots which were taken were based on equal con-
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Fig. 4. Electrophoretic diagrams obtained in re-runs of electrophoretic fractions. Dotted lines
represent fractions obtained from original run with 20 mg of cellulase; solid lines, fractions from
S S run with 2.5 mg.

tents of enzymic activity (0.07 unit per aliquot). In each of the re-runs, 0.2 mg of
albumin was included with the test sample, 0.01 % albumin solution was used to ex-

tract the sections of starch block, and the same period of incubation was employed
in the assays for enzymic activity. The results (Fig. 4) show that the fractions taken

TABLE II
RECOVERY OF ENZYMIC ACTI\;’ITY IN RE-RUNS OF ELE'CIROPHORETIC FRACTIONS

Recovery of enzymic activily

FEraclion -
tested 20 mg run 2.5 mg run
% %
Ib 202 137
Ic 1000 114
IIb . III 94
IIIL 164 103
IVa -~ 93 776
Vv - 87 139
VI 266 76
VII . .132 - 8o
VIIIa .= 175 I19

from _theiz.s-‘mg'run--were generally rhuch-more hombgéneous than those taken 'frofm‘
the 20-mg run. A minor exception obtained with Fraction V;a major, with Fraction
IVa. Zones-of dextran-(not shown), which ‘were used as markers in the tests; were
uniformly sharp-and undisturbed. Recoveries of enzymic activity (Table II) show that
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in those instances where the fractions were especially contaminated with extraneous
enzyme components, the recoveries were several fold higher than the theoretical.
The recovery of activity in the original zo-mg run was found to be 65 %, while that in
the z.5-mg run was close to 100 %.

DISCUSSION

It is noteworthy that although the same peaks are revealed in runs carried out with
different sizes of test sample, their relative quantities, as indicated by areas under the
peaks (Fig. 1), appear to vary considerably. For example, the proportion of compo-
nent VIIIa appears to increase as the size of sample decreases, while the proportions
of components V, VI and VII decrease; other components show 11‘regular cha.nges
One or several of a number of factors could be responsible for this effect, such as a
variation in resolution of adjacent components, differences in relatlonshlps between
amounts of enzyme and amounts of reducing sugar produced by the different compo-
nents$, or the pres_enée or absence of dissociable complexes of the type suggested
below.

It was to be expected that the fractions selected for the re-runs would not be
completely homogeneous, because of overlapping of zones of adjacent components.
It was further to be expected that fractions taken from the 2.5-mg run might reveal
greater homogeneltv than those taken from the zo-mg run, since the resolutlon of
peaks was generally sharper with the smaller-sized test samples. However, the conta-
- mination of certain of the fractions with components having widely differing mobili-
ties, together with the unexpectedly high degree of apparent contamination and
abnormally high recovery of enzymic activity in particular instances, requires specxal
explanation. Available evidence from the present and previous work?5 ‘indicates
that these unusual results, wherever they did occur, did not arise from mechanical
or electrical disturbances. The possible existence in the cellulase preparation of com-
plexes which dissociate on electrophoresis in dilute solution could, however, prov1de a

reasonable explanation. Such complexes might consist of varying combinations of

enzyme components with one another, possibly through association with a poly-
saccharide to which they are mutually attracted. The polysaccharide might originate
from the cellulase preparation itself, which is composed of carbohydrate to the extent
of 50 %3, or from the starch supporting medium. The different complexes would be
required to n‘ugrate at dlfferent rates and to show low enzymic activities prior to

dissociation. The observation that the recovery of enzymic activity in the ongmal

2.5-mg run was greater than that in the corresponding 20-mg run mmight be taken as

support for the hypothesis. It has been proposed by some mveqtlgators" that the mul-
tiple components in cellulase may themselves consist of complexes of enzyme with
polysacchande possibly this is true in the sense just suggested
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SUMMARY oo - 4

Amounts of cellulase varying over a 1ooo-fold range (o 02 to 20 mg) gave comparable
p'rtterns when sub] ected to starch electrophores1s. Resolut1on of components appeared
to be better, however, with small- than with lar Ee-swed test samples. Evidence was

s 41

also obtained which suggested the occurrence of dissociable complexes in the enzyme.
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