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SUMMARY

Among the most recent methods for inves-
tigation of proteins in biological fluids SDS Poly-
acrilamide-gel-electrophoresis and Isoelectrofocus-
ing (IEF) have recently been introduced into
laboratory practice.

The present investigation has been performed
on 20 samples of amniotic fluid obtained during
normal pregnancies in the first and in the third
trimester.

The obtained results suggest that IEF analysis
seems to have a selective advantage in allowing
the separation of bands which can not be easily
recognized with SDS electrophoresis.  These
bands detected by IEF and present in amniotic
fluid during late pregnancy seem to be related
to some low molecular weight lipoprotein frac-
tions and we suggest that they might be used as
a possible marker for monitoring fetal lung
maturation.

In conclusion we think that it would be of
great interest to evaluate the usefulness of IEF
analysis in examining AF. obtained during preg-
nancies complicated by infections.
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INTRODUCTION

Between 1958 and 1978 several studies
on the protein composition of amniotic
fluid (A.F.) have been published (for a
review see Queenan) (°).

The following points have been inve-
stigated in more detail:

1) Total protein content of A.F. ac-
cording to gestational age (' 1),

2) Relationship between protein con-
centration in A.F. and maternal serum;
the ratio is close to 1/20 in early preg-
nancy, rises to 1/10 around 25-28 weeks
gestational age and drops again to 1/20
at term (°).

3) The origin, characteristics and pos-
sible functions of A.F. proteins (* > ).

Among the most recent methods for
investigation of proteins in biological fluids
Sodium - Dodecyl - Sulfate Polyacrilamide -
gel - electrophoresis (SDS - PAGE) and
Iscelectrofocusing (IEF) have recently
been introduced into laboratory prac-
tice (19).

In the present paper we report the
protein concentration of normal A.F. at
various gestational ages as determined by

IEF and SDS-PAGE.

MATERIAL AND METHODS

The present investigation has been performed
on 20 samples of A.F. obtained during normal
pregnancies.

AF. samples were obtained by transcervical
puncture of the amniotic sac by means of a
Drew-Smythe catheter at the beginning of labor
(6 cases), or by transparietal puncture of the
uterus in case of elective caesarean section (4
cases), or by transabdominal amniocentesis
(10 cases) in women of gestational age between
16 and 42 weeks.

The standard procedure was as follows: cen-
trifugation at 3500 X g for 60 minutes followed
by separation of supernatant fluid and pellet.
All the above described procedures were per-
formed with the greatest care because many
Authors and particularly Viergiver ez al. (19)
have stressed the importance of a properly per-
formed centrifugation of A.F. samples before
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analysis in order to eliminate all contaminating
factors. The samples were divided into small
fractions (1 ml each) and stored at —20 °C until
extraction,

— Preparation of the plates for IEF

Polyacrylamide gels (6% final concentration)
were prepared by mixing 10 ml acrylamide
(29.19%) and 10 ml of bisacrylamide (0.9%) with
7ml of 87% glycerol solution. After addition
of N, N, N, N' Tetramethylendiamine (TMED)
(50 ul) and Ampholines as specified below (BIO
RAD, Milan, Italy), the volume of the solution
was brought to 60 ml with twice distilled water.

After degassing the solution for 10 minutes
under vacuum, ammonium persulfate was added
{(1.5ml, 1% stock solution).

To obtain a wide pH range (3.5-9) the fol-
lowing Ampholines solutions were used: 0.3 ml
Ampholine (pH 4-6), 0.3 ml Ampholine (pH 5-7)
and 3 ml Ampholine (pH 3.5-10). In a second
set of experiments a narrower pH range (4.5-7)
was obtained by adding Ampholine pH 5-7 (2.25
ml}) and pH 79 (0.75ml) to the components
listed above.

After casting, the gel was allowed to polyme-
rize at room temperature for 20 minutes. Before
running the experiment the gel was maintained
at 4 °C for at least 1 hour.

— IEF conditions for samples of ammniotic fluid

Samples of amniotic fluid were concentrated
to obtain equal amounts of proteins and were
dispensed with a microsiringe onto small pieces
of filter paper (25 pl each containing 70 ug of
proteins).

Samples were applied on the gel near the ca-
thode. Electrode solutions were 1 M H;PO, and
1 M NaOH, for the anode and cathode respec-
tively,

IEF separation was achieved in 90 minutes
at constant power (30 W) under the following
conditions: initial voltage 300 V, 1000 mA; final
conditions 1200V, 150 mA. For the experiments
in which a narrower pH range has been used,
final voltage was equal to 1000 V.

~ SDS-PAGE electrophoresis

Separation of proteins was obtained as pre-
viously described (). Final concentration in the
running gel of the acrylamide-bisacrylamide so-
lution (30: 0.6) was 10%. Equal amounts of
protein were layered onto the stacking gel after
boiling in SDS-sample bufler.

— Staining of the gels

IEF gels were stained in a solution containing
25% ethanol, 10% acetic acid, 400 mg/l of Blau
R (SERVA, Heidelberg, W. Germany) and 1
g/l CUSOA.

Destaining was carried out overnight in a
solution containing 12% ethanol, 7% acetic acid
and 1 g/l of CuSO,. SDS-PAGE gels were
stained in a solution containing 50% methanol,
7.5% acetic acid and 0.08% of Blau B. Destai-
ning of the gels was obtained in 2.5% methanol
and 7.5% acetic acid.

— Chemicals

Acrylamide, bis-acrylamide and Ampholines
were obtained from BIO RAD (Milan, Italy).
Samples of bovine serum albumin, ceruloplasmin
and transferrin were from SIGMA (Saint Louis,
Missouri, USA). Human lyophilized IgG were
from Miles Laboratories (New York, USA). AF.
samples were concentrated five times in Amicon
concentrator {Amicon, Elkhart, Indiana, USA).

RESULTS AND DISCUSSION

The protein composition of normal A.F.
evaluated by means of SDS-PAGE and
IEF is presented in fig. 1 and 2 (first
trimester of pregnancy) and fig. 3 and 4
(third trimester). Electrophoretic patterns
of AF. in the second trimester were not
determined because amniocentesis is usual-
ly not performed during this period in
normal women.

The protein compositions of A.F. sam-
ples obtained in the first and third tri-
mester of normal pregnancies and exa-
mined by SDS-PAGE appear similar. By
this method a clear separation of the three
major proteins (i.e. albumin, cerulopla-
smin and transferrin) can be achieved.
These proteins_have been identified on
the gel by co-migration with commercially
obtained markers. (Bovine serum albu-
min, used as a marker, has a slower mi-
gration in comparison with human serum
albumin; fig. 1 and 3).

No significant changes have been de-
tected in the relative composition of these
components in the AF. during different
periods of normal pregnancies. Thus, des-
pite the good separation of albumin, ce-
ruloplasmin and trasferrin by SDS-PAGE,
the absence of apparent modifications in
the relative composition of these compo-
nents during pregnancy makes this tech-
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Fig. 1. — SDS-PAGE of amniotic fluids collected during the first trimester of normal pregnacies.
(The markers used are shown on the left). T = Transferrin; I = Immunoglobulins; C = Cerulo-
plasmin; A = Bovine Serum Albumin.

Fig. 2. — SDS-PAGE of amniotic fluids collected during the third trimester of normal preg-
nancies. (Abbreviations as in the legend of figure 1).
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Fig. 3. — IEF of amniotic fluids collected during the first trimester of normal pregnancies.
(Abbreviations as in the legend of figure 1).
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Fig. 4. — IEF of amniotic fluids collected during the third trimester of normal pregnancies.
(Abbreviations as in the legend of figure 1).

249



F. Diani - I. Conti - A. Costa - G. A. Botta

nique unsuitable for a careful analysis of
changes in protein composition of A.F.
during pregnancy. Interestingly enough,
a band with molecular weight lower than
albumin is more evident in the third tri-
mester samples than in A.F. becomes more
abundant late pregnancy. However the
significance of such a small change in the
amount of this component is presently
very difficult to assess.

PH
a8t
5.03
5.21
5.53
5.70
5.98
615
6.42
668
6.94

few bands (two to four) were exclusively
detected in A.F. samples obtained during
the third trimester (fig. 4). These bands
are completely lacking in the correspond-
ing region of the gels of A.F. from early
pregnancies (fig. 2).

A better separation of these bands was
achieved by using gels with pH ranging
from 4.5 and 7 (fig. 5).

These bands do not seem to correspond

Fig. 5. — IEF of amn’otic fluids collected during the third trimester of normal pregnancies;
pH range of this gel was 4.5-7. (Abbreviations as in the legend of figure 1).

The results obtained by means of IEF
are shown in fig. 2 and 4. It is evident
that albumin, ceruloplasmin and transfer-
rin do not separate well within the
pH range used (3.5-9). Since these com-
ponents have not been shown to undergo
any modification during pregnancy as de-
tected in SDS-gels, the lack of separation
in IEF does not represent a major limi-
tation of the method. Indeed the infor-
mations obtained by IEF appear to be of
particular interest for other reasons. In
the pH region between 5.20 and 5.98 a
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to any of the proteins detected in our
SDS-PAGE system and cannot be iden-
tified, on the basis of the isoelectric point
of the markers used, with the major com-
ponents usually described in AF.

Previous studies (Pantarotto et al.,
1973; Casu et al., 1975) have shown a
possible relationship between fetal pul-
monary maturation and the appearance in
the AF. of a low molecular weight lipo-
protein fraction (studies done by means
of disc-electrophoresis on poliacrylamide
gel).
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Gas-chromatographic analysis of fatty
acids and evaluation of the palmitic/stea-
ric acid (P/S) ratio (*) has been performed
in all the A.F. samples investigated in the
present study, and the bands uniquely ob-
served in AF. of third trimester cases
present only in cases where the P/S ratio
indicated fetal lung maturation.

Therefore it is possible that the pre-
viously described lipoprotein related to
pulmonary maturation corresponds to one
of the bands detected with IEF. Further-
more we cannot exclude the possibility
that the single band observed with SDS-
PAGE electrophoresis may be made up
of several proteins corresponding to the
bands detected with IEF and having the
same molecular weight but differing in
their isoelectric points, possibly due to
the presence of different lipid polar
heads (19).

The results suggest that IEF analysis
seems to have a selective advantage in
allowing the separation of bands which
can not be easily recognized with SDS
electrophoresis. These bands detected by
IEF and present in A.F. during late preg-
nancy seem to be related to the pre-
viously described lipoproteins (* %) and we
suggest that they might be used as a pos-
sible marker for monitoring fetal lung
maturation.

Recent reports (') suggest the impor-
tance of IEF in separating immunoglo-
bulin fractions in spinal fluid (") during
chronic inflammatory neurological disease.
It would be of great interest to evaluate
the usefulness of this procedure in exa-
mining A.F. obtained during pregnancies
complicated by infections.
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