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Particulate fraction in amniotic fluid at second
trimester
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SUMMARY Amniotic fluid at 15-20 weeks contains high concentrations of microvillar enzymes
which serve as markers for the prenatal diagnosis of cystic fibrosis. We found that these enzymes
were mostly bound to amniotic fluid particulate fraction which eluted in the void volume on
Sepharose 6B chromatography and precipitated in ultracentrifugation at 100,000g. Electron
microscopy showed that the particulate fraction comprised membrane fragments and small vesi-
cles. It represented less than 1% of the total protein in cell free amniotic fluid. Sorbitol gradient
centrifugation showed heterogeneity in the particulate fraction. The enzyme patterns of amniotic
fluid and meconium particulate fractions resembled each other. Antiserum against particulate
fraction in amniotic fluid strongly reacted with early meconium and fetal small intestine in
immunodiffusion, enzyme immunoassay, and staining with immunoperoxidase. The results sug-
gest that most of the enzyme rich particulate fraction in early amniotic fluid originates in the fetal
intestine.

Early human amniotic fluid contains considerable
amounts of microvillar enzyme activity: y-glutamyl
transpeptidase; leucine aminopeptidase; disac-
charidases; and alkaline phosphatase.'-4 These
enzymes have recently provoked clinical interest as
exceptionally low concentrations of microvillar
enzyme activities have been found in pregnancies
complicated by fetal trisomy 18 syndrome5 6 and cys-
tic fibrosis7-9 Measurement of phenylalanine sensi-
tive and homoarginine sensitive variants of alkaline
phosphatase shows considerable promise for the
early prenatal diagnosis of cystic fibrosis.'0

Studies by gel filtration and ultracentrifugation
show that y-glutamyl transpeptidase is present in
amniotic fluid in a high molecular weight form." 12
Treatment of amniotic fluid with a detergent or
papain solubilises the enzyme, suggesting that it is
bound to membrane particles. This finding promp-
ted us to characterise the high molecular weight
material of the amniotic fluid at second trimester
and to study whether the other microvillar enzymes
were also bound to this fraction. The origin of this
material was studied by comparing the patterns of
enzyme activity in different fetal tissues and amnio-
tic fluid. We also prepared an antiserum against the
particulate fraction in amniotic fluid and studied the
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reactivity of this antiserum with fetal tissues and
body fluids.

Material and methods

MATERIAL
Samples of amniotic fluid were originally collected
by amniocentesis for measurements of a fetopro-
tein. Specimens of fetal tissue and body fluids came
from pregnancies undergoing elective termination
between 15 and 19 weeks.

Chemicals for the enzyme assays were purchased
from Sigma Chemical Company (St Louis, United
States). Freund' s complete adjuvant came from
Difco Laboratories (Detroit, United States) and
peroxidase conjugated antirabbit immunoglubulin
was obtained from Dako-Patts (Copenhagen,
Denmark). Sepharose 6B and molecular weight
markers for gel filtration and sodium dodecyl sul-
phate gel electrophoresis came from Pharmacia Fine
Chemicals (Uppsala, Sweden). All other reagents
were of analytical grade and were obtained from
different commercial sources.

ENZYME ASSAYS AND PROTEIN
DETERMINATIONS
y-glutamyl transpeptidase and leucine aminopeptid-
ase were measured using y-glutamyl-p-nitroanilide
and leucine-p-nitroanilide as substrates, respec-
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tively.'3 14 Sucrase and trehalase activities were
measured according to the method of Dahlqvist.'5
Total alkaline phosphatase activity and the
phenylalanine and homoarginine sensitive alkaline
phosphatase variants were determined as described
by Brock et al.'0 Protein was assayed according to
the method of Lowry et al'6 or by Biorad protein
assay (Bio-Rad Laboratories, Richmond, Califor-
nia).

GEL FILTRATION
Gel filtration was performed on a Sephrarose 6B
column (bed volume 136 ml) in 0-1M phosphate
buffer, pH 7*6. Thyroglobulin (669 000), catalase
(232 000), and albumin (67 000) were used as mar-
kers of molecular weight.

CENTRIFUGATION
Particulate fraction of amniotic fluid was isolated so
that cell free samples were first centrifuged at
10 000 g for 15 minutes. The supernatant was then
recentrifuged at 100 000 g for 65 minutes at 4°C
(Beckman L3-50 centrifuged). The precipitate was
washed with 0.1M phosphate buffer, pH 7*6, and
after centrifugation at 100 000 g the pellet was sus-
pended in the phosphate buffer and protein deter-
mined. Differential centrifugations of samples of
fresh amniotic fluid were performed as indicated in
Fig. 2. Density gradient centrifugation in 5-50%
sorbitol gradient was performed according to the
method of Mircheff and Wright.'"
The particulate material from meconium and fetal

tissues was prepared, so that the specimens were
first homogenised in ice cold phosphate buffer with
Teflon homogeniser'8 and the homogenates were
then centrifuged in the same way as for the particu-
late fraction in amniotic fluid.

SODIUM DODECYL SULPHATE GEL
ELECTROPHORESIS
Disc electrophoresis in the presence of sodium
dodecyl sulphate was performed in 7% polyac-
rylamine slab gels. The protein bands were stained
with comassie brilliant blue. For the immunoprecipi-
tation experiment, the gels were dried and subjected
to autoradiography.

ANTISERA
Antisera against particulate fractions from amniotic
fluid and meconium were induced by immunising
rabbits with four injections of the corresponding
particulate fractions (0-5 mg protein) in Freund's
complete adjuvant.

IMMUNODIFFUSION
A double immunodiffusion was performed in 1%

Jalanko, Rapola, Lehtonen
agar containing 0.5% triton X-100. The whole tis-
sue homogenates were dissolved in phosphate buf-
fered saline containing 1% triton X- 100 (final pro-
tein concentration 2 mg/ml).

IMMUNOPRECIPITATION
The particulate fraction in amniotic fluid iodinated
in phosphate buffered saline containing 1% triton
X- 100. Ten ,ul of the iodinated particulate fraction
solution (3 x 106cpm) was first incubated with
10 ,ul of normal rabbit serum and 100 ,ul of protein
A-sepharose (1/2 dilution). After centrifugation the
supernatant was incubated with 10,u1 of antisera
against particulate fraction from amniotic fluid, anti-
sera against particulate fraction from meconium, or
normal rabbit serum. The immunoglobulins were
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Fig. 1 Gel chromatography on Sepharose 6B ofamniotic
fluid at sixteen weeks. Time ofincubation for the enzyme
assays offractions is given in parentheses. Phenylalanine
sensitive alkaline phosphatase and homoarginine sensitive
alkaline phosphatase gave profies similar as to total alkaline
phosphatase.
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Particulate fraction in amniotic fluid at second timester

again precipitated by protein A-sepharose and the
precipitates were thereafter subjected to sodium
dodecyl sulphate-gel electrophoresis and auto-
radiography.'9

ENZYME IMMUNOASSAY
Flat bottomed polystyrene microtiter plates (Flow
Laboratories) were coated with 200 ,ul of particulate
fraction in amniotic fluid in 0-05M carbonate buffer,
pH 9 5. The final protein concentration was
10 ,ug/ml. After overnight incubation the plates
were washed with phosphate buffered saline con-
taining 0.5% (vol/vol) Tween 20 (polyoxyethylene
sorbitan monolaureate; phosphate buffered saline-
Tween). Various dilutions (1/100-1/1 024 000) of
antiserum in phosphate buffered saline-Tween sup-
plemented with 0.1% normal rabbit serum or 2%
normal human serum were then added for 16 hours.
After repeated washes with phosphate buffered
saline-Tween the wells were incubated for two hours
with peroxidase labelled antirabbit immunoglobulin
(1/400) in phosphate buffered saline-Tween con-
taining 1% bovine serum albumnin. The plates were
then washed and the enzyme reaction was carried
out using o-phenylenediamine (0.4 jig/ml) in 0-1M
phosphate citrate buffer, pH 55, as a substrate. The
reaction was terminated by 2M H2S04 and the

100

80-

-

B 60-
c

t-

4'
a.
Vt

>. 40-

24
20-

A'

absorbance at 492 nm was recorded using a vertical
pathway spectrophotometer (Titertek-Multiskan,
Helsinki, Finland).

In the inhibition assays the fetal tissue homo-
genates and body fluids were first diluted into phos-
phate buffered saline-Tween containing 2% normal
human serum and 1 mM phenylmethyl sulphonyl
fluoride as a protease inhibitor. One hundred Al of
the solutions and 100 ,ul of antiserum against par-
ticulate fraction from amniotic fluid (final dilution
1/80,000) were then applied on the wells coated
with the particulate fraction in amniotic fluid. The
assay was thereafter performed as previously
described. The results were expressed as percent-
ages of the absorbance obtained with the inhibitor as
compared with the absorbance without inhibitor. In
control experiments the first or second antibodies,
or both, were replaced by normal rabbit serum or
buffers.

cl 0.
a

* Protein
o y glutomyl transpeptidose
* Leucine aminopeptidase
o Total alkaline phosphatase
0Phenylolanine sensitive
°alkaline phosphatase
Homoargirune sensitive
alkalne phosphatase

A Sucrase
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v I I
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Centrifugation
Fig. 2 Differential centrifugation ofamniotic fluid at
second trimester. Time for centrifugation was 60 minutes in
ultracentrifugation (100,000 g) and 15 minutes in other
centrifiugations. Each point represents mean ofall five
experiments.

5O0% 5%* Protei
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Fig. 3 Sorbitol gradient centrifugation ofsecond trimester
amniotic fluid. Incubation times for enzyme assays were:
66T 15 minutes; LAP 110 minutes andALP 130 minutes.
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Table 1 Specific enzyme activities (nmollminlmg protein) in early cell free amniotic fluid and in precipitate of
ultracentrifugation at 100,000 g (60 minutes)

rglutamyl Leucine Alkaline Alkaline Alkaline Sucrase Trehalase
transpepidase aminopeptidase phosphatasetota phosphatase phosphatase

phenylalanine homoarginine
sensitve sensitve

Original amniotic fluid 103* 21 16 6-7 2-8 7-5 0-7
(80-130) (16-27) (13-23) (4.2-9-8) (2-3-37) (6-1-10) (0-6-0.9)

Particulate fraction 1007 885 895 501 35 642 34
(848-1207) (830-980) (708-1068) (369-616) (10-74) (560-780) (25-48)

*Mean of three separate experiments (range).

ELECTRON MICROSCOPY AND
IMMUNOPEROXIDASE STAINING
The indirect staining with immunoperoxidase on
fetal tissues fixed in formalin and embedded in
paraffin and the electron microscopy of the particu-
late fraction in amniotic fluid were performed
according to standard methods.20

Results

MICROVILLAR ENZYMES ACTIVITIES IN
AMNIOTIC FLUID
Over 90% of the enzymatic activities of y-glutamyl
transpeptidase, leucine aminopeptidase, alkaline
phosphate, and sucrase, as well as half of the trahal-
ase activity, eluted in the void volume on Sepharose
6B chromatography (Fig. 1). On differential cen-
trifugation of amniotic fluid most of the microvillar
enzyme activities were present in the supernatant
after centrifugation at 100 000 g for 60 minutes
(Fig. 2). Heterogeneity in the distribution of the
enzyme activities was seen on density gradient cen-
trifugation of samples of fresh amniotic fluid
(Fig. 3).

The peak of total alkaline phosphatase and
phenylalanine sensitive alkaline phosphatase activ-
ity was present in higher sorbitol density (fraction 5)
than that of y-glutamyl transpeptidase and homoar-
ginine sensitive alkaline phosphatase (fraction 7).
Leucine aminopeptidase showed a bimodial dis-
tribution with a wide high density peak (fractions
4-7) and a significant low density peak (fractions
16-17). On density gradient centrifugation of sam-
ples of dialysed amniotic fluid, with endogenic
sugars removed, the peak of disaccharidase activity
coeluted with the alkaline phosphatase peak.

PROPERTIES OF THE PARTICULATE FRACTION IN
AMNIOTIC FLUID
When the supernatant from centrifugation at
10 000 g was subjected to ultracentrifugation at
100 000 g a pellet was obtained (amniotic fluid PF),
which was rich in microvillar enzymes. The specific
enzyme activities in particulate fraction were 10 to
86-fold higher than in the original amniotic fluid
(Table 1). Particulate fraction in amniotic fluid was
mainly composed of unorganised membrane frag-
ments and vesicles, as studied by light and electron

Fig. 4 Electron micrographs of
particulate fraction in amniotic
fluid showing unorganised
membrane fragments and small
vesicles (inset). Original
magnifications 20,000 x inset
40,000 x.
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Pariiculate fraction in amniotic fluid at second trimester

ORIGIN OF THE PARTICULATE FRACTION IN
AMNIOTIC FLUID: ENZYMATIC STUDIES
Particulate material from several fetal tissues and
meconium were prepared and the specific enzyme
activities in these preparations and particulate frac-
tion in amniotic fluid were compared. As shown in
Table 2, the patterns of activity in meconium and
the small bowel most closely resembled the pattern
observed in the particulate fraction in amniotic fluid.
The best marker in this respect was sucrase, the
activity of which in other samples was less than 1%
of that found in particulate fraction in amniotic fluid.
The patterns of protein in amniotic fluid and particu-
late fraction in meconium were also similar on
sodium dodecyl sulphate-gel electrophoresis (Fig.
5).

IU (ii)

Fig. 5 (a): sodium dodecyl sulphate-gel electrophoresis of
particulate fraction in amniotic fuid (1) particulate fraction
in meconoium (2) (b): sodium dodecyl sulphate-gel
electrophoresis followed by autoradiography of
immunoprecipitates ofradiolabelled particulate fraction
from amniotic fluid (1), antisera against particulate fraction
from amniotic fluid (2), antisera against particulate fraction
from meconium (3), normal rabbit serum.

microscopy (Fig. 4). Particulate fraction from 1 ml
of amniotic fluid contained 15-21,g of protein
accounting for 0-2-0-4% of the total protein in cell
free amniotic fluid. Over 20 polypeptide bands were
easily seen on sodium dodecyl sulphate-gel elec-
trophoresis of the particulate fraction in amniotic
fluid (Fig. 5). This pattern was constant in five dif-
ferent preparations of particulate fraction in amnio-
tic fluid.

ORIGIN OF THE PARTICULATE FRACTION IN
AMNIOTIC FLUID: IMMULOGICAL STUDIES
Antiserum raised against amniotic fluid particulate
fraction was polyvalent as shown by its capacity to
precipitate several polypeptide bands from
radiolabelled particulate fraction in amniotic fluid
(Fig. 5). The antiserum reacted in immunodiffusion
with homogenates of meconium and small bowel
and, to a lesser extent, with that of kidney but not
with other tissues or body fluids, such as normal
human serum, fetal serum, or newborn urine (Table
3). Antisera against particulate fraction from amnio-
tic fluid and antisera against particulate fraction
from meconium antisera showed similar strong reac-
tivity with the particulate fraction in amniotic fluid
in enzyme immunoassay (Fig. 6). The binding of
antisera against particulate fraction from amniotic
fluid could, effectively be inhibited by extracts of
meconium and small bowel (Fig. 7). An inhibition of
50% was obtained with particulate fractions from
early amniotic fluid and meconium with 0-3 ,ug and
0-8 ,ug of protein, respectively (Table 3). Extract of
kidney also showed inhibition in enzyme immuno-
assay but other tissues were inhibitory in only very

Table 2 Comparison ofthe specific enzyme activites ofparticulate fraction ofamnioticfluid and particulate fractions from different fetal
tissues and cultured amniotic fluid cells.

Amniotc Meconium Intesines Kidney Lung Liver Skin Placenta Amniotic Amniotic
fluid membrane f1uid cells

y-glutamyl
transpeptidase 1-00 1-67 0-23 0-86 0-23 0-33 0-10 0-04 0-89 0-13

Leucine aminopeptidase 1-00 1-33 0-27 0-27 0-06 0-08 0-07 0-10 0-17 0-07
Akaline phosphatase-tot 1-00 3-32 4-38 5-25 0-45 3-25 0-98 0-50 1-02 1-35
Alkaline phosphatase

phenylaline sensitive 1-00 3-82 2-41 1-43 0-04 0-09 0-43 0-14 0-35 1-33
Alkaline phosphatase
homoarginine sensitive 1-00 3-07 1-66 72-4 7-75 52-4 12-8 7-70 12-3 5-44

Sucrase 1-00 0-94 0-17 <0-01 <0-01 <0-01 <0-01 <0-01 <0-01 <0-01
Trehalase 1-00 0-68 0-35 0-20 0-03 <0-01 0-05 0-03 0-02 0-03

2
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Table 3 Reactivity ofantsera against particulate fraction from amniotic fluid with fetal tssues and body fuids
Immunodiffusion Enzyme immunoassay Staining with peroxidase

Amniotic fluid particulate fraction +++ 0-3* nd
Meconium particulate fraction +++ 0-8 nd
Small intestine +++ 25 Epithelium ++
Kidney + >200 Tubules ++

Collection ducts +
Lung - >200 Bronchial epithelium + +

Alveolar epithelium +
Liver - >200 Endothelium +
Skin - >200 nd
Placenta - >200 Syncytiotophoblast ++
Amniotic membranes - >200 Epithelium ++
Amniotic fluid cells - >200 nd
Amniotic fluid + 1:24#
Fetal serum <1:2
Fetal bile <1:2
Newborn urine <1:2

*UV of protein giving 50% inhibition.
#dilution giving 50% inhibitioin.
nd = not done.

high protein concentrations (Fig. 7).
Positive immunoperoxidase staining with antisera

against particulate fraction from amniotic fluid was
obtained with several fetal tissues, as summarised in
Table 3 and Fig. 8. .~~~~~~~~~~~~~~~~~~~

0 Antiserum against particulate fraction from
amniotic fluid (0 1% normal rabbit serum)
Antiserum against particulate fraction from
amniotic fluid (2% normal human serum)
Antiserum against particulatefraction from
meconium 12% normol human serum)

A Normal rabbit serum
12% normal human serum)

1 -
D$N

A- hAA-- --A--A A--A--A

1/1000 1/8000 1/64000 1/512000
Serum dilution

Fig. 6 Binding ofantisera againstparticulate fraction from
amniotic fluid and antisera against particulate fraction from
meconium to particulate fraction in amniotic fluid in enzyme
immunoassay. The sera were diluted into phosphate
buffered saline- Tween containing either 0.1% normal
rabbit serum or 2% normal human serum.

Discusson

Measurement of the microvillar enzyme concentra-
tions in the amniotic fluid at second trimester have
recently been found to serve as promising tests for
the prenatal diagnosis of cystic fibrosis.'-10 In this
study we investigated the physiochemical basis of
these measurements and found that the microvillar
enzymes were present in the amniotic fluid, not as
soluble proteins, but as components of high molecu-
lar weight particular material. This particulate frac-
tion rich in enzymes represented less than 1% of the
total amniotic fluid protein and was precipitated by
centrifugation at 100 000g. Density-gradient-
centrifugation-showed heterogeneity in this mater-
ial tract.

Salafsky and Nadler performed differential cen-
trifugation on amniotic fluid at second trimester and
studied the resulting pellets by electron micros-
copy.2' They found that the 600g pellet contained
mitochondria, the 4,200 g pellet contained lyso-
somes, and the 30000 g and 60 000 g pellets con-
tained small vesicles and elements of endoplasmic
reticulum. They also found that over 85% of the
recovered alkaline phosphatase and a- 1,4-
glycosidase activities were localised in the pellets.
From these findings they concluded that the amnio-
tic fluid at second trimester contained various
intracellular organelles in addition to intact amniotic
fluid cells. We performed electron microscopy on
the fraction that was soluble at 10 000 g but precipi-
tated out at 100 000, and found that this material
comprised unorganised membrane fragments and
vesicles. This confirms the findings of Salafsky and
Nadler.2' This material, however, was extremely rich
in microvillar enzymes, suggesting that it represents
fragments of epithelial cell plasma membranes

1-5-1

C 1.0-n

I-

a'._

.S-.a

40

4'

gO5s

0 I..

1070 Jalanko, Rapola, Lehtonen

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.38.9.1065 on 1 S

eptem
ber 1985. D

ow
nloaded from

 

http://jcp.bmj.com/


Particulate fraction in amniotic fluid at second trimester
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Fig. 8 Indirect immunoperoxidase staining with antsera against particulate fraction from amnioc fluid. (a) Fetal small
bowel; (b) kidney; (c) placenta.
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rather than intracellular organelles.
Comparison of the patterns of microvillar enzyme

activity in the ultracentrifugation pellets from
amniotic fluid, meconium, and fetal tissue homoge-
nates suggests that most of the particulate fraction in
amniotic fluid originates from the fetus's gastrointes-
tinal tract. Mulivor et al found that 81% of the
alkaline phosphatase activity in early amniotic fluid
was of the intestinal type (phenylalanine sensitive)
and the electrophoretic mobility of amniotic fluid
alkaline phosphatase resembled that of the fetal
intestine.22 Potier et al,3 on the other hand, com-

pared the disaccharidase activity of amniotic fluid
with that reported by Dahlqvist and Lundberg23 for
fetal gastrointestinal tract and found that the rela-
tive specific activities, as related to cellobiose activ-
ity, were in the same range.

Clearly, direct comparison of the enzymatic
activities in amniotic fluid and whole tissue homoge-
nates, or in simple centrifugation fractions of these
specimens, is not accurate. The distribution of the
enzymes, for instance, greatly affects the results.
Logarithmic differences in the specific activities
between the tissue preparations, however, as found
here for sucrases, trehalase, and leucine aminopep-
tidase activities strongly favours the view that the
gastrointestinal tract is the source of particulate frac-
tion.
The fetal intestinal origin of particulate fraction in

amniotic fluid was also supported by immunological
studies. Polyvalent antiserum against this material
reacted strongly with extract of meconium and fetal
small bowel in immunodiffusion and enzyme
immunoassay. Antiserum against early meconium,
on the other hand, reacted with particulate fraction
in amniotic fluid and precipitated the same polypep-
tides as the antisera against particulate fraction from
amniotic fluid serum. Antisera against particulate
fraction from amniotic fluid stained with
immunoperoxidase reacted with several fetal tissues
in addition to the intestinenal epithelium. This,
however, is not surprising as the epithelial mem-
branes, such as those found in the intestine, kidney,
and placenta, are known to share many antigens.4

We thank Ms Sirpa Kuisma and Ms Ulla Waris for
excellent technical help. The work was supported by
the Finnish Cultural Foundation (HJ), the Medical
Research Council of the Academy of Finland (EL),
and the Cancer Society of Finland (HJ, EL).
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