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A simple method has been elaborated for the routine separation
and quantitative determination of amylase isoenzymes. The ratio P/S,
the quotient of the activity values obtained by densitométrie evaluation
of the pancreatic and salivary isoenzymes, is used to characterize their
distribution. In healthy adults and children the value for P/S is above 1 in
80% of the cases, with a mean of 1.87 £0.29. In 90% of heterozygote CF
gene-carriers, the P/S is below 1 with a mean of 0.08 .1 0.19. In addition to
the higher total amylase activity, in MV homozygote patients P/S is less
than 0.1, and even 0.001. The phenomenon is explained by a compensatory
enhancement of salivary activity.

The method is a suitable diagnostic test of the exocrine function
of the pancreas and for evaluation of the serum amylase isoenzymes. The
P/S value allows to differentiate heterozygote CF gene-carriers from homo-
zygotes and healthy individuals.

It was shown earlier [4] that the
total amylase activity in saliva and
serum is significantly increased in
cystic fibrosis (CF) patients. The
phenomenon can be explained by a
compensatory increase of salivary
amylase activity. The CF heterozy-
gotes could not be distinguished from
the normal individuals on the basis
of the total amylase activity in
serum and saliva. Alpha-amylase has
been assumed to have a pathogenetic
role in CF [2] but this has been re-
luted by Nikolajek and Emrich [6]
who found no difference in alpha-
amylase in the serum and sweat of
CF patients and healthy controls.

It has therefore been attempted to
utilize the distribution of amylase

isoenzymes as a diagnostic method
for the differentiation of MV homo-
zygotes and heterozygotes from each
other and from the healthy popula-
tion.

Material and Methods

Three groups were examined.

(1) A normal group of healthy blood
donors, healthy children and adults free
from CF.

(2) Heterozygotes originating from CF
families identified by the modified Szcze-
panski bromide test [3]. The average
bromide index for the group was 27 + 10.
Data from 27 confirmed CF heterozygotes
were used for statistical evaluation.

(3) The homozygote group consisted
of 8 complete CF homozygote children
with a bromide index of 76 * 20.
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Distribution of amylase isoenzymes

(a) 0.2 ml 40% saccharose and 0.1 ml
buffer containing 0.01% bromophenol
blue is added to 0.1 ml serum. If the
total amylase activity is below 100 U/I,
1—2 crystals of bromophenol blue and
saccharose at a final concentration of
10% (0.10 g/ml) are added to the undiluted
serum, and the samples are mixed. In
the case of a total amylase activity
above 500 U/I, or of saliva or duodenal
juice examination, the sample is diluted
to an amylase value of 6—8 mU in 20 /A.
Total amylase activity was estimated with
the Phadebas kit (Pharmacia, Uppsala).

(b) Electrophoresis was carried out
in 5.6% polyacrylamide gel prepared
essentially according to Davis [1]. Gel
buffer: Tris—hydrochloric acid, pH 8.9.
Electrode buffer: Tris—glycine (0.005
M Tris, 0.4 M glycine), pH 8.3. A ver-
tical plate electrophoretic apparatus was
used; the system has the advantage that
48 parallel examinations can be per-
formed on the same gel. At a potential of
300 V the separation requires 4 hours.
Optimum temperature: 10 °C. It is ad-
vantageous to carry out the separation
in the cold-room.

(c) For detection of amylase activity
and determination of the isoenzyme pattern
the gel plates are incubated in 0.02 M
phosphate buffer pH 6.9 containing 0.0067
M NaCl and 1% water-soluble starch at
37 °C for 60 min.

After thorough rinsing with distilled
water, the gel plates are incubated in
a wet-chamber, at 37 °C for 2 hours,
and stained with 0.1 N iodine solution
until the activity-free gel background
has turned an intense blue. The subsequent
decrease of the colour intensity may be in-
hibited if the gel plates are placed in
iodine solution diluted 10-fold with 20%
ethanol. Evaluation should take place
within 16 hours.

A densitometer fitted with a Kipp
integrator is used for quantitative evalua-
tion of the isoenzyme pattern. Visual

evaluation may be attempted by a prac-
tised observer: detection of the homozygote
isoenzyme pattern is simple, and establish-
ment of the normal distribution does not
cause a problem either, but recognition
of the isoenzyme pattern characteristic of
the heterozygote phenotype requires great
practice. The data measured with the
integrator are evaluated statistically, with
Student’s t test.

Results

Q) Normal group. In the vast
majority of cases the amylase of
normal serum contains one major
salivary (Sx) and one major pancre-
atic (P2 isoenzyme. In addition one
minor component from each pheno -

10 -
s20 +
Fig. 1. Amylase isoenzyme patterns in

serum after polyacrylamide gel electro-

phoresis. -(-: Anode; —: Cathode; Abbre-

viations: Pj, P2 pancreatic isoamylases.
S1; S2, salivary isoamylases.

type (P, and S,) was present in negli-
gible amounts.

The distribution of isoenzymes was
characterized by the quotient of the
sums of the major and minor com-

ponents, in pancreatic juice and
saliva, respectively,
+ P2
Sx + S2°

Tor the 23 normal subjects the P/S
values was 1.8 + 0.23 (range, 0.62
to 5.3).
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23
Table |
Distribution of isoamylases (P/S ratio) in serum, bromide index and total amylase activity.
Mean + S. D.
Significance
P/S ratio Bromide index, Total amylase
versus normal versus per cent activity U/L
group heterozygotes
Normal subjects 1.87+0.23 - " 8+ 6 201 +62.3
N = 23
CF heterozygotes H-
N = 27 0.(18 «0.13 p <0.001 27+ 10 203+ 79.5
CF homozygotes +
N =28 x<0.1 p <0.001 p<0.02 76 + 20 269 + 113.7
+ = significant
— = non-significant
In 50% of the normal subjects the 0.68 £ 0.13. This means that in

P/S value lay between 1 and 2, and
in 80% it was above 1 A representa-
tive isoenzyme pattern of the normal
group is shown in Fig. 3.

)
of the 27 cases examined exhibited
a P/S value below 1, the mean being

heterozygotes the activity of salivary
isoenzymes predominates. There was
a significant difference against the
normal group: p < 0.001. A rep-

Heterozygote group. Twenty-four resentative electrophoretic picture of

the heterozygote group is given in
Fig. 4.

4.0
30
2
10
Normal ~ Heterozygous Homozygous
pattern pattern pattern
Fig. 2. P/S ratios in the sera
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Normal pattern

ref. ref. ref
S P Se.

Fia. 3. Representative serum isoamylase pattern in normal persons.

Abbreviations: Ref. S., Ref. P., Ref. Se.: Referente saliva and pancreatic juice, reference
serum obtained from healthy subjects.

Heterozygous pattern

ref. ret ref
S P Se

Fig. 4. Amylase patterns of CF heterozygotes. Abbreviations as in Fig. 3.

Homozygous pattern

ref. ref. ref
P S Se.

Fig. 5. Amylase patterns of CF homozygotes. Abbreviations as in Fig. 3.

Acta Paediatrica Academiae Scientiarum Hungaricae 18, 1977



O. Takacs cl al. : Amylase isoenzymes in cystic fibrosis

Densitometrie records

Normal
pattern

Heterozygous
pattern

Homozygous
pattern

Fig. (> Representative densitométrie records from sera of nom al subjects, CF
heterozygotes and homozygotes.

(3) Homozygote yroHy.
zygotes the serum total amylase
activity was higher than in hetero-
zygotes or normal individuals. The
ratio of isoenzyme distribution shows
the dominance of the salivary pheno-
type. In most cases only the major
salivary component (S,) could be
detected, with a barely perceptible
activity in the P, zone. The P/S
ratio was less than 0.1, sometimes
as low as 10-3—10-4. The homozy-
gote enzyme pattern is seen in Fig. 5.

Figure O illustrates representative
densitométrie curves for the amylase
isoenzyme distribution in normal in-
dividuals, heterozygotes and homo-
zygotes.

D iscussion

In a study of the salivary amylase
isoenzymes of 700 patients, Ward
et al. [12] obtained 8 different
bands. On the basis of about 1000
samples, Wolf and Taylor [13, 14]
reported on result which did not agree
in all respects with the former.
The exact pattern is still unelucidat-
ed. For example, Merritt et al. [51

In homo-described 6 more salivary and further

4 pancreatic isoamylases. Several of
these exhibited an identical mobility
on polyacrylamide gel; it may be
assumed that artifacts were involved.
In 1974, Takeuchi et al. [10] described
the use after electrophoresis of
a blue starch preparation (Phadebas)
for the detection of amylase ac-
tivity. With this method, one pancre-
atic and one salivary type isoenzyme
could be detected on cellulose acetate
membrane. Our studies, however,
showed that acrylamide gel electro-
phoresis combined with Phadebas
can be used only in the case of very
high amylase activities. Recent in-
vestigations [7] agree in that two
variants of the anodic salivary iso-
enzymes exist, with similarly 2 var-
iants of the cathodic pancreatic
isoenzymes (see Fig. 1), although
Skude [9] stated that at high enzy-
matic activities 5 salivary isoenzymes
and 4 pancreatic isoenzymes can be
detected. On the other hand Otsuki
et al. [8] made a quantitative study
of the distribution of amylase iso-
enzymes in 3036 samples of normal
serum and urine. The result was the
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same as that of our present study:
activities of the ans Sx amylase
isoenzymes predominated in the se-
rum of 98% of healthy subjects
with P2 in excess of S,. Thus, the
amylase isoenzyme problem has not
been solved satisfactorily.

As to the amylase isoenzymes of
CF patients, Taussig et al. [11]
observed that the P-type isoenzyme
was absent or significantly decreased
in two-thirds ofthe cases. In agreement
with our results, these authors too
found an identical proportion of P
and S isoenzymes in the serum of
normal subjects.

A low serum total amylase activity
has never been observed in CF pa-
tients. In the cases of Taussig et al.
[11] it was the duodenal amylase
activity which was absent or low.
Study of the serum isoenzyme pat-
terns is therefore suitable for the reli-
able differentiation between MV homo-
zygotes and heterozygotes. Since, how-
ever, the P/S ratio for our healthy
controls and MV heterozygotes showed
an overlap in the range from 0.8
to 1.1, it is advisable to consider
heterozygosity only below a P/S
value of 0.8.
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