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Macroamylasemia: Observations on the Nature of the Macroamylase*

(33827)

J. Epwarp BEerk, HirokunNi Kizu, EDWARD GELLER, AND Louls FRIDHANDLER
Department of Medicine, College of Medicine, University of California, Irvine 92664

Evidence has been advanced indicating
that prolonged elevation of serum amylase
activity may result from the existence in the
serum of a macromolecule of amylase that is
too large to be excreted by the kidneys
(1-4). Certain observations made on the
nature of this large amylase structure consti-
tute the basis of the present report.

Materials and Methods. Serum samples
were obtained from 12 patients with so-called
“macroamylasemia.” The existence of a ma-
cromolecular serum amylase component was
established in each case by dextran gel
(Sephadex G 200!) filtration as previously
described (2). This was confirmed in one
case (Case 5) by filtration through a column
of polyacrilamide gel (Bio-Gel P-3002). Addi-
tional verification was obtained in 2 cases

* Supported by USPHS Grant GM-11897.

1 Sephadex G 200, Pharmacia Fine Chemicals, Inc.,
Piscataway, N. J.

2 Bio-Gel P-300, Bio-Rad Laboratories, Richmond,
Calif.

(Cases 1 and 8) by sucrose density-gradient
ultracentrifugation using essentially the same
method as that employed by Levitt and Coop-
erband (3) except that the buffer was 0.1
M Tris at pH 7.4 instead of 0.01 M phos-
phate at pH 7.0. The sedimentation coeffici-
ent of the large amylase component in each
case was roughly estimated from its Sephadex
G200 elution position as compared with the
elution positions of the major protein frac-
tions (5).

To test the effect of dissociation of possible
amylase-protein complexes on the amylase
elution pattern (6), urea was added to serum
specimens from each of the 12 patients to a
final concentration of 6 M. The urea-serum
mixtures were allowed to stand at room tem-
perature for 30 min and were then applied to
a dextran gel column prepared by exposure
to 6 M urea in 0.85% sodium chloride. The
same urea—saline solution was used as the
eluant.

The Michaelis constant for starch using
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Fic. 1. Dextran gel (Sephadex G 200) elution pat-
terns of normal and representative macroamylasemic
sera.

Lineweaver-Burk methods (7), the pH for
maximum activity, and the sodium chloride
molarity for maximum activity were deter-
mined for both the Type I amylase eluted
from normal human serum by dextran gel
filtration, and the Type IT amylases eluted in
the same manner from the macroamylasemic
sera. Identical determinations were also
made after treating each sample with urea.
The possible influence of chelation was as-
sessed in Cases 1, 2, 3, and 4 by comparing
the dextran gel filtration patterns of the un-
treated serum with the corresponding pat-
terns obtained after incubating 3.0 ml of the
serum with 450 mg of ethylenediaminete-
traacetate (EDTA) at 37°C for 24 hr.
The importance of disulfide bonds was eva-
luated by testing the influence of 2-mercapto-
ethanol on the sera of Cases 1, 2, and 3 by a
modification of the method of Deutsch and
Morton (8). Serum samples, measuring 1.5
ml each, were mixed with 10 ml of 0.02 M
potassium phosphate buffer at pH 7.4 and 0.1
ml of 2-mercaptoethanol. The final concen-
tration of 2-mercaptoethanol in this mixture
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was 0.13 M. After standing at room tempera-
ture for 48 hr, each mixture was dialyzed
against distilled water for 48 hr and then
reconstituted with 3.0 ml of water. This ma-
terial was then applied to the dextran gel
column and eluted with 0.85% sodium chlor-
ide.

Attempts were made to locate a protein in
macroamylasemic serum which would combine
with amylase. Serum samples from Cases 2,
4, 5, and 10 were filtered through dextran gel
after exposure to urea. The amylase-free
protein fractions recovered from the column
were treated variously as follows: in Case 4
normal serum amylase was added; in Cases 5
and 10 these protein fractions were com-
bined with the fractions containing amylase;
in Cases 2 and 10 whole normal serum was
added. After standing at room temperature
for 1 hr, the mixtures were dialyzed against
distilled water for 12-16 hr and then applied
to the dextran gel column.

In one case (Case 2) the effect of lowering
pH was examined by employing 0.2 M gly-
cine-hydrochloric acid buffer at pH 3.4 as the
chromatographic solvent.

Results. The relative amounts of the two
principal serum amylase components (Type
I, the form corresponding in elution position
to normal serum amylase, and Type II, the
larger molecule that eluted with the serum
proteins) showed considerable variation (Fig.
1). In one case (Case 5) almost all of the
discernible amylase was Type II; in 9 cases
(Case 1-3, 6-10, 12) Type II was the domi-
nant component; in one case (Case 4) the
two types were. about equal in amount; and
in one case (Case 11) Type I was by far the
major component.

Another variation of note was in the
Sephadex G 200 elution position of the Type
IT amylases as compared with the positions
of the major protein peaks. In 2 cases (Cases
1 and 9) the macroamylase was recovered in
the same fractions as the 7S globulins; in 7
cases (Case 23 4, 5,7 8, 10, 11) it was in the

3 It had previously been reported that the Type II
amylases of Cases 2 and 3 were closely related
in their recovery positions with the 7S globulins (2).
Reassessment of the distribution patterns, how-
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TABLE 1. Comparative Kinetics of Normal Serum
Amylase (Type I) and the Macroamylases (Type II)
Found in 12 Patients with Macroamylasemia.

K,* pH? ClI° (M)
Typel 0.10 7.1 0.2
Type II
Case 1 0.19 7.0 0.1
2 0.19 6.9 0.1
3 0.18 6.9 0.05-0.2
4 0.16 7.0 0.08-0.2
5 0.15 7.0 0.1
6 0.13 7.0 —
7 0.19 7.0 0.05-0.2
8 0.14 7.0 0.05-0.2
9 0.18 7.0 0.05-0.2
10 0.16 7.0 0.1 -02
11 0.14 7.0 —
12 0.18 7.1 0.1

¢ Michaelis constant for starch expressed as g/100
ml.

* pH for maximum activity.

°Sodium chloride molarity for maximum activity.

fractions whose positions lay between the 7S
and 118 globulins; in 2 cases (Cases 33 and
12) its elution position corresponded with the
one at which most of the 11S globulins
would be expected to appear; and in one case
(Case 6) the macroamylase was found in
the fractions very close to those containing
the 19S globulins. Ultracentrifugation con-
firmed that the macroamylase in Cases 1 and
8 was 7.5 == 0.5S.

When dextran gel filtration was carried out
with serum mixed with 6 M urea, only Type
I amylase was recovered in 11 of the 12
cases; in a single case (Case 1) Type II was
markedly reduced but some was still present.
The Type I amylase was also diminished
quantitatively in 9 of the 12 cases after ex-
posure of the serum to urea. In the remaining
3 cases, however, (Cases 3, 5, and 7) the
amount of Type I amylase activity rose after
urea treatment.

Treatment of the serum with EDTA before
dextran gel filtration resulted in a decrease
of both amylase components except for Case
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2; in this case the Type I amylase showed no
appreciable change. Similarly, treatment
with 2-mercaptoethanol and dialysis against
distilled water resulted in a diminution in
both types of serum amylase.

The results of the comparative kinetic
studies made on normal Type I serum
amylase and on the Type Il amylase frac-
tions isolated from the 12 macroamylasemic
sera are given in Table I. Shown in Table II
are the corresponding properties of the
amylase fractions isolated after urea treat-
ment of normal serum and the ma-
croamylasemic sera. The Type II amylases,
regardless of their elution position with re-
spect to the serum proteins, consistently
showed less affinity for starch than did nor-
mal Type I amylase; after urea treatment,
the resultant amylases from macroamylasem-
ic sera closely resembled normal serum in
this property. There were no appreciable diff-
erences in pH optima between the Type I
and Type II amylases, either before or after
treatment with urea. The data for chloride
maximum exhibited great variation, possibly
reflecting continued association of an unde-
termined amount of chloride with the
amylase even after dialysis. In any event, the
variation did not permit conclusions re-

TABLE II. Comparative Kinetics of the Amylases
Recovered After Treatment of Serum with Urea.

ever, indicated that the elution positions of these
macroamylases would be more accurately located as
here indicated,

K, pH? Cl° (M)
Normal serum  0.12 7.0 0.05-0.25
Macroamylasemic serum
Case 1 0.12 6.9 0.05-0.3
2 0.10 6.9 0.1 -03
3 0.12 7.0 0.05-0.1
4 0.11 6.9 0.05-0.1
5 0.11 6.9 0.1
6 0.12 7.0 —
7 0.11 6.9 0.05-0.2
8 0.13 7.0 0.05-0.1
9 0.10 7.0 0.05
10 0.11 6.9 0.1 0.3
11 0.11 7.0 0.05
12 0.11 7.0 0.05

¢ Michaelis constant for starch expressed as g/100
ml.

* pH for maximum activity.

¢ Sodium chloride molarity for maximum activity.
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garding possible differences in this parame-
ter.

Dextran gel filtration of the mixture
formed by adding isolated normal serum
amylase, or normal whole serum, to protein
fractions obtained after urea treatment of
macroamylasemic serum failed to recover a
macroamylase. Neither was a new ma-
croamylase formed when the amylases de-
rived from urea treatment of the ma-
croamylasemic sera were added to their own
protein fractions.

Lowering the pH altered the configuration
of the amylase pattern in the single case in
which this was attempted; the macro-
amylase peak largely disappeared leaving
only a solitary amylase peak whose molecular
size resembled that of Type I serum
amylase. Conversion of Type II to Type I
amylase by this treatment was suggested by
the fact that the total activity in the surviv-
ing normal size amylase fraction increased
about 3-fold.

Discussion. The relative amounts of the
large amylase components in these 12 pa-
tients with macroamylasemia varied. The ma-
croamylases were also diversified in the rate
at which they filtered through a column of
dextran gel. The latter would suggest hetero-
geneity with respect to molecular size and
presumably in molecular weight as well. Tt is
appreciated with respect to the latter that
there are distinct limitations inherent in any
attempt to assign a sedimentation coefficient
to an emzyme based on its chromatographic
elution rate. Although filtration of normal
human serum through dextran gel typically
yields 3 major peaks corresponding to the 4S,
7S, and 19§ proteins obtained by ultracen-
trifugation (9), the position of the 11S globu-
lins can be determined only by interpolation.
Uncertainty is further compounded by the
fact that Sephadex is a polydextran, not un-
like starch in molecular structure. Interaction
of this material with amylase (10) could
conceivably retard elution and thereby make
the enzyme appear to be a smaller molecule
than it actually is. Despite these limitations,
the fact that sucrose gradient ultracentrifuga-
tion performed in 2 of our cases gave sedi-
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mentation coefficients reasonably correspon-
ding to those estimated for the same cases
from gel chromatography indicates that the
latter estimations are not altogether invalid.
Furthermore, the findings are in keeping with
those of Levitt et al. (4) who reported that
preparative ultracentrifugation demonstrated
that the macroamylase was approximately
115 in size in 2 of their 5 cases and approx-
imately 7S in the other 3. It would seem
reasonable to conclude, therefore, that these
several data support our earlier observation
that the macroamlase complex in cases of
macromamylaemia probably is not homo-
genous (2).

The strong denaturating effect of 6] urea
on the large amylase component, and the
suggestive evidence in at least 3 of the cases
that the dissociated Type II amylase was
transformed into Type I, may be interpreted
as indicating that the macroamylase may be
either a polymer of normal serum amylase, or
a complex of normal serum -amylase and
some larger protein molecule. Our efforts to
shed some light on which of these situations
may obtain gave inconclusive results. Ex-
posure of the macroamylasemic sera to
EDTA in an attempt to chelate calcium,
zinc, or other cations that might be involved
in polymerization of normal amylase chains
(11), or in linking amylase to an immuno-
globin, resulted in a decrease of both amylase
components. Similarly, the addition to these
sera of 2-mercaptoethanol, an agent known to
reduce immunoglobulin to subunits and to re-
lease bound protein by disrupting disulfide
bonds (8, 12}, diminished both amylase frac-
tions. On the other hand, Levitt ef al. (3) suc-
ceeded in showing that the addition of 2-mer-
captoethanol to the serum of a patient in
whom the serum amylase appeared to exist
principally as an 11S-IgA-linked compound,
reduced the sedimentation coefficient of the
amylase to approximately 7S.

Our studies dealing with the kinetic prop-
erties of the macroamylases isolated from the
sera of these 12 patients gave results similar
to those of Levitt and Copperband (3). The
findings suggest that the active portion of
the large component differs only slightly, if at
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all, from normal serum amylase. They also
suggest that the different K,, of Type II
amylase may result from its attachment to a
larger protein. Levitt ef al. (4) identified the
larger component of their two 11S size ma-
croamylases as IgA immunoglobulin. Associa-
tion of IgA globulin (mol wt approx 160,000)
with normal serum amylase (mole wt approx
50,000) could be expected to yield a com-
plex sedimenting at 10-11S and be precipi-
table by antiserum to IgA. Indeed, the latter
occurrence was reported by Levitt and his
co-workers (3, 4). On the other hand, we
were unable to detect any change in the gel
filtration pattern in one case (Case 3) with
what would appear to be an 11S ma-
croamylase after exposure of the serum to
human globulin antiserum (2). It is possible,
however, that a loose antigen—antibody com-
plex did form in this case but became dissoci-
ated during gel filtration.

Levitt et al. (4) reported that their 3 pa-
tients with 7S macroamylases did not react
with specific IgA, IgG, and IgM antisera to
any greater degree than did normal human
serum. We had earlier treated the serum of
one patient with a 7S macroamylase (Case 1)
with human globulin antiserum and an-
tiserum to 7S gamma globulin (2). Subse-
quent filtration on dextran gel resulted in
recovery of a macroamylase of even greater
molecular size, thus suggesting that interac-
tion of some type had occurred. However, if
the 7S size macroamylases are also consid-
ered to be complexes containing amylase with
a molecular weight of approximately 50,000
and some serum protein, candidates in nor-
mal human serum of the appropriate molecu-
lar weight (approx 100,000 or 4.5-5S) are
singularly lacking. Some poorly characterized
beta-globulins (13), haptoglobin (14), and
transferrin (14, 15) are about the correct
molecular weight, but no intact immunoglob-
ulin would qualify on this score.

Although our attempts to locate a protein
in serum which would combine with amylase
were uniformly unsuccessful, Levitt and Co-
operband (3) did succeed in demonstrating
this in their case. The addition of isolated
normal serum amylase or normal whole
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serum to protein fractions obtained after gel
filtration of urea-treated sera from 4 of our
macroamylasemia patients failed to result in
recovery of a macroamylase. Similarly, no
macroamylase formed when the Type I
amylases resulting from urea treatment were
added to the protein fractions derived from
the same sera.

Soluble antigen—antibody complexes tend
to dissociate at pH values between 3 and 4.5
(16). Based on this observation, the fact that
the macroamylase dissociated at pH 3.4 in
the single case we tested for the influence of
acid pH may be taken as evidence suggesting
that the macroamylase in this case consisted
of an antigen-antibody complex. The same
conclusion was drawn by Levitt and Cooper-
band (3) from similar observations made in
their case.

These several observations lead us to con-
clude that the macroamylases in some pa-
tients with macroamylasemia may involve
immunoglobulins but this would appear not
to apply in all cases.

Summary. Observations on the behavior
and nature of the macroamylase found in 12
patients with macroamylasemia lend further
support to the earlier suggestion that the ma-
cromolecular amylase component is not ho-
mogenous. This was evidenced by variation
in the relative amounts of macroamylase
present in the serum and differences in the
elution patterns obtained following dextran
gel filtration. Disappearance or marked dimi-
nution of the macroamylase after exposure to
urea would suggest that the macroamylase
consists either of a polymer of normal serum
amylase or a combination of normal serum
amylase and a larger protein molecule. The
active portion of the macroamylase complex
appears to differ only slightly, if at all, from
normal serum amylase regardless of the pro-
tein fraction with which it may be associated.
Immunoglobulins may be involved with the
complex in some but seemingly not in all
cases.

Note added in proof. Three additional patients
with macroamylasemia have been observed. The
effect of acidification and possible protein binding
were examined in one of these patients. Reduction of
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the serum pH of this patient to 3.4 resulted in
recovery of only Type I amylase after Biogel P300
filtration. When the pH of the amylase-free fractions
isolated by such filtration was restored to 7.2,
the fractions incubated with normal human serum,
and the mixture then filtered on Biogel P300, Type
II as well as Type I amylase were recovered.
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In a previous publication it was reported
that a purified endotoxin, a lipopolysac-
charide (LPS) derived from E. coli could be
given safely to mice if injected in a water-in-
oil emulsion. Two to four times the LD5, dose
was given with minimum lethality owing to
the slow and prolonged release of the LPS
from the mineral oil emulsion. The mice
treated in this manner showed marked and
prolonged resistance to challenges with a sar-
coma—180 implant and a lethal infection
with a staphylococcus (1). Experiments using
whole-body radiation (WBR) as a challenge
was, therefore, begun following the reports
of Smith and her collaborators (2) and Zwei-
fach and his collaborators (3), in which en-
dotoxin was shown to be radioprotective. Ad-

* Aided by a grant from the Roche Foundation.

ditional observations by Smith et al.(4) and
Ainsworth (5) and Hanks and Ainsworth (6)
have confirmed and extended these observa-
tions.

In an experiment recently reported we ob-
tained evidence suggestive of protection
against lethal WBR in mice for approximate-
ly 1 month after a single injection of the LPS
(7).

In other unreported experiments designed
to see if the fetus could be protected against
WBR the emulsified LPS was injected into
CF, pregnant mice to determine their
tolerance and it was found that 100 ug could
be given without inducing abortion or killing
the pregnant mouse which seems to be more
vulnerable to the LPS. During the course of
these studies a group of 11 neonates from a
single litter became available and these were





