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Abstract: A simple and reliable method for the determination of the concen-
tration and function of alpha-2-macroglobulin (a,M) by zymography was
developed. The method is based on the covalent binding of a,M and trypsin
followed by non-reducing PAGE and zymography with gelatine incorporated
in the electrophoretic gel. The results showed that a,M binds trypsin in a
concentration-dependent manner exhibiting a linear relation. The sensitivity of
the method is 125 nM and the intra-assay coefficient of variation 4.2 %.
Freezing of a,M induces its partial denaturation, which could be seen as the
reduction in the amount of functional molecule and its reactivity with trypsin.
The reported method enables measurement of o,M taking into consideration
both its quantity and function, stressing the importance of the determination of
the amount of physiologically active molecules and not just their presence in
the sample. The method was further confirmed using a,M from patients with
end-stage renal disease who are known to be under increased oxidative stress
and inflammation, which are expected to modify the structure of proteins.
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INTRODUCTION

Alpha-2-macroglobulin (apM) is a homotetrameric blood glycoprotein
having molecular mass of 720 kDa.! Its concentration in adult humans is 4.64+
+1.42 pM (3.34+£1.02 g L1) and decreases to 2.26+0.58 uM (1.63+0.42 g L-1) in
healthy elderly individuals.2:3 The biological function of this protein is to act as a
general protease inhibitor. Upon binding to protease, its structure changes, caus-
ing an entrapment of the protease. Steric hindrance of the protease and its catal-
ytic site disables its interaction with large substrates, such as proteins. Proteolysis
of small substrates, such as peptides, is, on the other hand, not affected. Upon
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complex formation, a covalent bond between apM and a protease is created. A
molecule of native tetrameric apM can bind two small protease molecules (e.g.,
trypsin) or one large one (e.g., plasmin) at the same time.#

Hitherto, the methods to estimate the quantity of apM and its activity were
separate procedures. The quantity is usually measured by immunochemical
assays and the anti-protease activity of ayM by measuring the activity of trypsin
bound to 0pM using the chromogenic substrate BAPNA.S In brief, apM and
trypsin are allowed to interact, then soy trypsin inhibitor is added to inhibit the
activity of the remaining free enzyme, and the activity of apM-bound trypsin is
further determined by spectrophotometry.

A simple, reliable and cost-effective method for the determination of the
concentration of active apM molecules is described in this paper. The measure-
ment is based on the covalent binding of apM and trypsin followed by non-red-
ucing PAGE and zymography with gelatine incorporated in the electrophoretic
gel. Specific substances, such as BAPNA and soy trypsin inhibitor, are not neces-
sary, contributing to the advantages of the method. It should be emphasized that
monitoring of the relation quantity/activity becomes very important when the
sample originates from an individual exposed to a stress or with a disease accom-
panied by post-translational modifications of proteins, such as diabetes, renal dis-
ease or cancer.%

EXPERIMENTAL
Materials

Alpha,M was purchased from BioRad (Hercules, USA). A stock solution of trypsin was
obtained from the Institute Torlak (Belgrade, Serbia) at the concentration of 107 pM. All other
used chemicals were of analytical grade. Serum samples were collected from healthy adult
individuals (» = 10) and from patients with end-stage renal disease (ESRD, n = 10) who
underwent peritoneal dialysis in the Clinical Centre Serbia (CCS). The study was approved by
the Ethical committee of CCS (Approval number §90/8).

Isolation and immunodetection of a,M from human serum

Alpha,M was isolated from each serum separately. Individual samples were used for the
development of the assay, and to test the applicability of the assay on o,M from patients, two
pools were formed: one for healthy persons and one for patients with ESRD (containing equal
quantities of a,M from each sample in the group). The protein was isolated in two steps using
a modified published procedure.” In the first step, serum (1.5 mL) was subjected to precipit-
ation by 40 % ammonium sulphate (AS) solution. The supernatant was discarded, and the
pellet dissolved in 50 mM PBS, pH 7.4. The remaining AS was removed by solvent exchange
using 50 mM PBS, pH 7.4 and a centrifugal filter device (Millipore, Billerica, USA; 10 kDa
cut-off) at 10000 g for 10 min. The protein solution was applied on a gel-filtration column
filled with Sephadex G-200 (30x1.7 cm; Pharmacia, Uppsala, Sweden). The elution was per-
formed with 50 mM PBS, pH 7.4, and the fraction at V, maximum was collected. The fraction
contained a,M and the concentration of the protein was determined using a BCA reagent kit
(Pierce Biotechnology, Waltham, USA). The identity and the purity of the a,M were con-
firmed by immunoblotting after SDS PAGE electrophoresis under reducing conditions (on 8
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% gel). Proteins were transferred to a nitrocellulose membrane and incubated with primary
goat anti-a,M antibody (BioRad, Hercules, USA). For immunodetection, biotinylated second-
ary antibody (Vector, Burlingame, USA) and HRP-conjugated avidin (Vector, Burlingame,
USA) were used. Proteins were visualised by autoradiography.
Determination of o,M by zymography

Both commercial and isolated a,M of human origin at different concentrations (from 125
to 1000 nM) were incubated with bovine trypsin at a concentration of 1000 nM (previously
determined as the optimal concentration for zymography). The incubation lasted for 15 min at
room temperature and after addition of a non-reducing sample buffer for another 30 min at 37
°C. Zymography was performed according to a published protocol, using a 10 % gel contain-
ing bovine 0.1 % gelatine.® After electrophoresis, the gel was washed in distilled water (2x1
min) and initially incubated in TNC buffer (50 mM Tris, 150 mM NaCl, 10 mM CacCl,, pH
8.5) containing 2.5 % Triton X-100 (2x30 min, under constant shaking) and then in the same
buffer without detergent (at 37 °C, overnight). The gel was stained for 20 to 40 min, dep-
ending on individual zymogram, in a fresh 0.2 % CBB solution and scanned. Densitometric
analysis was performed using TotalLab software version 2.01 (Amersham BioSciences, Buck-
inghamshire, UK). In order to test the applicability of the method on partially denatured o,M,
two procedures for its denaturation were conducted prior to incubation with trypsin.® One was
thermal (incubation at 100 °C for 5 min) and the other cryo (incubation at —20 °C overnight).

RESULTS AND DISSCUSION

The opM isolated from the serum samples contained the same molecular
forms as the commercial ayM, as could be seen from the protein stained by Pon-
ceau S and the immunoblot shown in Fig. 1 (one representative example of the
isolated 0pM is given). Under the electrophoretic condition, aoM tends to deg-
rade resulting in several fragments.

1 9 MM

1 2
(kDa)
200 — 200
,M monomer — — o,M monomer
(180 kDa) (180 kDa)
97 = 97
66 — 66
44 — 44
|
o
el

Ponceau S Anti-o,M

Fig. 1. A representative example of the isolated a,M (1) and 0,M commercial standard (2)
analysed by reducing SDS-PAGE (on 8 % gel) and immunoblotting. Samples stained with
Ponceau S (left hand-side) and immunoblotted using anti-o,M antibody (right hand-side).

A complex which forms between ayM and trypsin includes covalent bond-
ing,10 and thus it is expected to remain intact under the non-reducing conditions
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employed in SDS PAGE. The stability of the complex was confirmed and more-
over, apM-bound trypsin retained its proteolytic activity towards co-polymerized
gelatine, as could be seen in Fig. 2A (at three different concentrations of ay,M,
250, 500 and 1000 nM). In a control experiment, when apM was subjected to
zymography alone, without pre-incubation with trypsin, no proteolytic signal was
detected (Fig. S-1 of the Supplementary material to this paper), clearly indicating
that all the activity in zymography originated from trypsin. Two specific signals
related to the opyM/trypsin complex were seen in the zymogram, the lower most
probably originating from the oapM-fragment/trypsin (the signal from trypsin
alone can be seen at a much smaller mass, Fig. S-1). Based on the position of
apyM-fragment/trypsin complex, this ayM-fragment most likely originates from a
fragment of approximately 90 kDa (Fig. 1).

A Native o,M B Heat denatured C a,M denatured by freezing
1000 500 250 nM M 1000 500 250 nM
—— - - . -

a,M/trypsin —= s i

complex

J

a,M-fragment/trypsin —» { g
complex s

Fig. 2. Zymography of the native a,M at three concentrations incubated with trypsin (A), heat
denatured 0,M incubated with trypsin (B) and cryo-denatured a,M at three concentrations
incubated with trypsin (C).

Thermal denaturation of apM resulted in its inability to bind trypsin (Fig.
2B), while denaturation by freezing resulted in both aggregation of apM (preci-
pitate formed upon thawing) and appearance of a number of proteolytic bands in
the zymogram (Fig. 2C, at three different concentrations of a,M, 250, 500 and
1000 nM). This last finding could be explained by structural alterations of ayM,
which were already recognised as a consequence of freezing.? The experiments
with denatured o,M confirmed the specificity of the method, as only functional
axM molecules could be assayed. It is worth mentioning that this method could
be employed to investigate the remaining activity of apM after its partial denatur-
ation.

The intensity of the proteolytic bands seen with native apM (expressed in
arbitrary densitometric units) was further analysed in relation to the concentration
of apM and a linear dependence was seen undoubtedly only in the case of the
upper band, originating from the intact apyM/trypsin complex (Fig. 3A and 3B).
The assay was optimised to satisfy the linear function in the range of apM con-
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centrations from 125 to 1000 nM. A concentration of apM less than 125 nM
could not be measured reliably.
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Fig. 3. Zymography of a,M at four concentrations incubated with trypsin (A) and
densitometric analysis of the signals originating from the a,M/trypsin complex (B);
zymographic assessment of the intra-assay coefficient of variation using three
concentrations of a,M in triplicate (C) and statistical analysis of the data (D).

Analytical validation of the method was further performed by assessing the
intra-assay coefficient of variation (or repeatability) of the test. Samples (c;M at
three different concentrations) were subjected to zymography in triplicate and the
results statistically analysed. The greatest coefficient of variation was calculated
for the smallest concentration of apM and it was 4.2 %, which is within the accepted
limit of the measurement uncertainty for this type of assay (Fig. 3C and 3D).

The same results and relations were obtained with the commercial apM and
apM isolated from the serum from healthy persons. In order to test the behaviour
of apM originating from other sources, the assay was performed with two pools
of apM, one derived from healthy individuals and the other from patients with
ESRD. When the same concentrations of ayM were subjected to zymography,
similar, yet somewhat different data were acquired (Fig. 4). The intensities of
signals originating from oM from healthy persons were slightly higher than
those from the patients, the difference being more pronounced as the concentra-
tion increased, resulting in a lower slope of the dependence (Fig. 4C). This differ-
ence is not unexpected since structural modifications of proteins in ESRD are
well documented.!! Therefore, the proposed method can reliably measure the
amount of ar,M originating from healthy persons, whereas quantitation of ayM
from patients, which may contain structurally altered apM, could be seen more as
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an estimation instead of a precise measurement, since a modified affinity may
appear as a new variable.
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Fig. 4. Zymography of a,M pools from healthy persons (A) and patients with ESRD (B) at
three concentrations incubated with trypsin, and densitometric analysis of the signals
originating from the a,M/trypsin complex (C).

The zymographic assay described in this paper enables investigation of the
concentration/structure/function relationship of ayM in different pathologies as
well as in the presence of modifying agents that may accompany them. This issue
is important since studies on cancer, liver fibrosis, myocardial infarction and
Alzheimer’s disease have already recognised apM as a potential biomarker.!2-15

CONCLUSIONS

A simple and reliable method for the determination of the concentration and
function of alpha-2-macroglobulin (0,M) by zymography was developed. The
method is based on the covalent binding of apM and trypsin followed by non-
-reducing PAGE and zymography with gelatine incorporated in the electropho-
retic gel. Analytical validation confirmed linear function, high sensitivity and low
intra-assay coefficient of variation of the test. The method could also be emp-
loyed to investigate the remaining activity of opM after its partial denaturation or
structural modification due to disease.
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U3BOJ
OOPEHUBAILE AKTUBHE ®OPME AJI®A-2-MAKPOIJIOBYJIMHA METOIOM
IMPOTEA3HE 3UMOI'PA®HIJE TPUIICHHOM

HUKOJIA [JIMTOPUJEBUR', MWJIOLI IIYHAEPUR', AMEKCAHJIPA BUJIOTUR', MAPKO BAPAJIUR?
¥ OJITULIA HEIUR'
1I/Incmuu7yu7 3a upumeHy Hyxeapre enepiuje (HHEIT), Banaiticka 316, Ynugep3utiieii y Beoipagy, Beoipag u
Knunuuxu yentuap Cpouje, Ogemere 3a negponoiujy, Iacimeposa 2, beoipag

Pa3BujeHa je jemHoCTaBaHa M NOy3JaHa MeTofa 3a ompehusame KOHLEHTpanuje U QyHK-
uuje anda-2-maxpornodynvuHa (a;M) 3umorpadujom. MeTtona ce 3acHHBA Ha KOBAJIEHTHOM
B€3UBawy 0yM U TpUICHHA, HAKOH Yera CJiefu HepenyKyjyha nonuakpuiaMugHa enekTpodo-
pe3a u 3umMorpadHja ca KelIaTUHOM Y eneKTpodopeTckom reny. Pesynrtatu cy mokasanu ma
NIOCTOjU JIMHEPHA 3aBUCHOCT M3Mely KOHUEHTpauuje a;M M KOJIHYMHE BEe3aHOI TPHUIICHHA.
OcetmuBoct Metoze je 125 nM, 1ok je xoedenujeHT Bapujauuje yHyTap tecta 4,2 %. 3ampsa-
Bame o, M M3a3uBa BEroBy NEIUMHUUHY eHaTypalljy, Koja Ce UCII0/baBa KPO3 CMamewme yaena
(pyHKIIMOHATHOT MOJIEKYJIa ¥ HEeroBe PeakTUBHOCTH IpeMa Tpurcuny. On1ucaHna MeTona oMo-
ryhaBa mepemwe a,M y3umajyhu y 003up meros kBaHTHTeT U QYKIIMOHATHOCT, Harjaalasajyhu
Ba)XHOCT onpehuBama KonuyrHe (PU3HUONOLIKA aKTUBHOT MOJIEKYsIa, @ HE CAMO NMPHUCYTHOT Y
y30pKy. BanunHoct Metoze je norspheHa ca ayM MonexynirmMa naudjeHara ca KpajibuM CTa-
oujymoM dybOpexkHe donecTH, 3a Koje ce 3Ha Ia cy moj mosehaHum OKCHUIAaTUBHUM CTPECOM U
uHbIaMaljoM, OJHOCHO NOJ MpoLecHMa O KOjUX ce o4eKkyje fa MOZUGUKYjy CTPYKTypy
pOTerHa.

(ITpummpeno 24. anpuina, pesugupano 17. maja, npuxsaheHo 24. maja 2019)
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