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Extract

Phosphorylcholine glyceride transferase (EC. 2.7.8.2), the enzyme responsible for the
final step of lecithin biosynthesis via the cytidine diphosphorylcholine (CDP-choline)
pathway, is active in human neonatal lung tissue. A crude homogenate enzyme prepa-
ration in phosphate buffer was made from lung samples obtained at autopsy. The syn-
thesis of product was linearly dependent upon protein concentration and linear with
time for 30 min. The Michaelis constant for CDP-choline was 1.4 X 10~5 M. Optimal
activity was attained at pH 7.5-8.0, at 35-39°, in the presence of Mg. Whole homoge-
nate was 20-50 times as active as supernatant. No effect of oxygen or cysteine could be
demonstrated. Triton and calcium inhibited the enzyme. The difference in enzyme
activity between premature infants (3.53 X 10~7 nai lecithin/mg protein) and infants
of longer (>32 weeks) gestation periods (1.76 X 10~7 mM lecithin/mg protein) is sta-
tistically significant at the 95% confidence limit.

Speculation

Phosphorylcholine glyceride transferase could play a significant role in the relation
between lung lecithin biosynthesis and respiratory distress syndrome of the human
neonate. Characterization and study of the enzyme in human lung may lead to defini-
tion of its role as the possible regulator of pulmonary surfactant biosynthesis. There
may be a relation between the level of enzyme activity and gestational age.

Introduction

The relation between lung surfactant and respiratory
distress syndrome in the neonate has been well estab-
lished [1, 3, 8, 10, 13, 15, 24]. Lecithin (phosphati-
dylcholine) is a major component of lung alveolar sur-
factant [7, 20, 22, 23]. Lecithin biosynthesis in lung
tissue of experimental animals occurs by at least two
pathways. One mechanism is by the formation of phos-

phorylcholine and its transfer from CDP-choline to
D-a, yg-diglyceride [2, 5, 16, 27] and the other is the
trimethylation of phosphatidyl ethanolamine [6, 14,
18].

Lecithin biosynthesis in human newborn lung is
being investigated indirectly by assaying the enzyme
activities of the pathways. The activities and proper-
ties of choline kinase, methionine-activating enzyme,
and phosphatidyl methyltransferase have been re-
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ported [30, 31]. The present investigation confirms
that phosphorylcholine glyceride transferase (EC.
2.7.8.2), the enzyme responsible for the final step of
lecithin biosynthesis via the CDP-choline pathway, is
present in human newborn lung tissue, and further
defines some of the basic properties of the enzyme sys-
tem.

Materials and Methods

Materials

Cytidine diphosphocholine-1,2-14C, with a specific
activity of 115.5 mCi/mmol, was obtained from Tra-
cerlab [32]. The isotope was stored at —20° and was
used without further purification. Dipalmitin (1,2-di-
palmitoyl glycerol) was obtained from Sigma Chemical
Company [33].

Enzyme Assay

Lung tissue of human newborn infants who died
from a variety of causes was used as the source of
phosphorylcholine glyceride transferase. The right
lung was used in all cases, with no attempt to sample
specific lobes. Tissues were removed 1-10 hr after
death and were frozen until used. Tissues which re-
mained at morgue conditions (4°, in situ) retained
85-90% of their original activity over that period of
time, and could then be frozen for periods of at least
30 days without further loss of activity.

A crude enzyme preparation was made by homoge-
nizing lung with 3 volumes of sodium phosphate
buffer (0.067 M, pH 7.4). The assay was similar to that
described by Baldwin and Cornatzer [4]. Components
of the reaction mixture were: Dipalmitin (1.17 mmol)
in Tris-HCl buffer (0.2 mmol), pH 8.5, containing
0.01% Triton X-100; cytidine diphosphorylcholine-14C
1,2-chloride (0.5 mmol); MgCL (5.6 mmol), and tissue
homogenate. The total volume was 1.8 ml. The reac-
tion mixture was incubated 45 min at 37°. The reac-
tion was stopped by adding 0.10 ml 12 N HC1. Water
(1.5 ml) and ?2-butanol (1.5 ml) were then added, mixed,
allowed to stand 15 min, and then centrifuged at 2,000
X g for 10 min. An 0.5-ml aliquot of the butanol
phase was removed, evaporated under nitrogen, redis-
solved in chromatographic solvent, and 40 ^1 were
placed on a silica gel plate and developed in a chloro-
form-methanol-acetic acid-water (100/60/16/8, v/v/v/
v) system. The lecithin spot was identified by using an
appropriate standard and iodine vapor, removed, and
counted in a Beckman CMP-100 room temperature

liquid scintillation system [34] (4 g 2,5-diphenyloxa-
zole/100 ml toluene).

Ninety percent of the radioactivity on the silica
plate appeared in the lecithin fraction. The assays
were carried out in duplicate, and the duplicates
agreed within 2-8%. Blanks routinely gave 1% or less
of the activity found in the standard assay.

Results

The synthesis of 14C-lecithin was linearly dependent
tipon protein concentration (Fig. 1). The reaction was
linear for the first 15-30 min, but plateaued at 30-45
min (Fig. 2). Both the initial reaction rate and the
amount of radioactive lecithin produced in a 45-min
incubation were reliable markers of activity when var-
ious tissue sources were used (Fig. 2).

Maximal lecithin synthesis was attained at CDP-cho-
line concentrations greater than 0.20 mmol. The Mi-
chaelis constant (Km), calculated from a classical Line-
weaver-Burk plot (Fig. 3), was 0.0143 mmol. The pH
optimum for enzyme activity was 7.5-8.0 (Fig. 4).

The effects of several factors on phosphorylcholine
glyceride transferase activity are shown in Table I. Mg
was a requirement for activity but Ca at 5.3 m\t inhib-
ited enzyme activity. The concentration of Triton X-
100 used in the standard assay (0.01%) inhibited en-
zyme activity only 10%. A 104 variation in dipalmitin
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Fig. I. Effect of protein concentration on enzyme activity. The
reaction mixture is described in the text. Varying amounts of
homogenate were added and the activity and protein content of
each determined.
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F/g. 2. Effect o£ time of incubation on initial reaction rate and
product synthesis. Assay is as described in the text. The reaction
was carried out for various times with lung samples from different
patients. H •> %V, 26 weeks gestation; A •> CR, 30
weeks gestation; 9 • , BL, 40 weeks gestation).
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Fig. 3. Lineweaver-Burk reciprocal plot of the effect of cytidine
diphosphorylcholine (CDP-choline) concentration on enzyme activ-
ity. The CDP-choline in the reaction was varied as indicated,
otherwise assay conditions were standard as described in Materials
and Methods. \jV = [mM lecithin X 107/mg protein/45-min incu-
bation]"1.

concentration did not raise activity over that of the
crude homogenate alone. The enzyme was more active
at temperatures of 35-39° than 22° or 55° and whole
homogenate was 20-50 times as active as the superna-
tant derived by two different tissue homogenizing
methods (Table I). No consistent effect of oxygen
could be demonstrated. Enzyme activity was the same

whether the gaseous phase over agitated reaction ves-
sels was room air, 100% oxygen, or 100% nitrogen, in
the presence or absence of cysteine.

The activities of phosphorylcholine glyceride trans-
ferase of the lung and liver of several patients are
shown in Table II. In general, there is higher activity
in the lung tissue from premature infants (<32 weeks
gestation), with the highest values found in two very
immature fetuses (20 weeks gestation). The difference
in activity between the premature infants (3.53 X 10~7

mM lecithin/mg protein) and infants of longer gesta-
tion periods (1.76 X 10-7 mM lecithin/mg protein) is
statistically significant at the 95% confidence limit.
Liver was slightly more active than lung, but the dif-
ferences were not statistically significant at the 95%
confidence limit. The apparent difference in liver en-
zyme activity between the same two gestational groups
(4.38 ± 1.75 X 10^7 mM lecithin/mg protein vs 2.94 ±
1.24 X 10^7 mM lecithin/mg protein) also was not sta-
tistically significant.

Discussion

Phosphorylcholine glyceride transferase activity in
human newborn lung has been noted previously [13],
but optimum conditions for enzyme activity were not

Fig. 4. Effect of pH on enzyme activity. The homogenates and
substrates were prepared in phosphate buffer of varying pH, and
then the reaction was carried out as described in the text. The
pH values are those of the entire reaction mixture.
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Table I. Effect of various reaction conditions on phosphoryl
choline glyceride transferase activity

Reaction conditions

Complete1

- MgCl2

+ MgCl2, + CaCl2 (5.3 HIM)
Dipahnitin

0
0.0001 HIM
0.001 HIM
0.01 mM
1 .0 mM

Temperature
0°
22°
35°
37°
55°

Activity, %

100
0

15

100
95

101
103
97

6
50

100
100
45

Whole homogenate, Teflon pestle

Supernatant, Teflon pestle

Whole homogenate, Virtis

Supernatant, Virtis
— Triton2

+ Triton, 0.01% (v/v)
+ Triton, 0.01%

100

100

2
100
90
35

1 Complete reaction mixture as described in Materials and
Methods.
2 The control for the Triton experiments was a reaction mixture
containing no dipalmitin.

Table 11. Phosphorylcholine glyceride transferase in human
newborn lung and liver

Number
of

patients

IP
7

Gestational
age,
\vk

20-31
32-40

Average
birth
wt, g

810
2,501

Activity, rrra

Lung

3.53 ± 1
1.6 ± 0

lecithin

.233

.753

X

4
2

107/mg protein1

Liver

.38 ± 1

.94 ± 1
.75
.24

1 Assay carried out under maximal conditions as described in
the text. Results include ±95 percentile limits.
2 Includes four fetuses of 20 weeks gestation received from opera-
tive procedures.
3 P < 0.05.

determined and no other characterization of the en-
zyme was attempted. Characterization of the enzymes
that synthesize pulmonary lecithin is necessary for a
complete understanding of the relation between sur-
factant biosynthesis and respiratory distress syndrome.
Phosphorylcholine glyceride transferase, the enzyme
that transfers phosphorylcholine from cytidine diphos-
phate choline to D-a,/?-diglyceride to form phosphati-

dyl choline (lecithin), is of special interest. Depending
on the availability of CDP-choline or diglyceride,
phosphorylcholine glyceride transferase may serve as a
regulator for lecithin biosynthesis [29]. In addition, of
several enzymes studied in two lung lecithin biosyn-
thetic pathways, only phosphorylcholine glyceride
transferase activity was induced by corticosteroid ad-
ministration to fetal rabbits [12].

The enzyme assay described is reliable. Activity is
dependent upon time and protein concentration (Figs.
1 and 2). Optimal activity is attained by assaying near
pH 7.5 and 35-37° in the presence of 0.5 mM CDP-cho-
line and MgCl2. Duplicate determinations agreed well
and assay blanks in the absence of the tissue homoge-
nate enzyme preparation contained insignificant
amounts of isotope in the lecithin fraction. The initial
reaction rate and total product synthesis at 30-45 min
vary with the tissue sample (Fig. 2).

The CDP-choline pathway for lecithin biosynthesis
is active in several animal tissues [2, 5, 16, 17, 21, 27,
28], some insects [9, 11, 25], and a few microorganisms
[26]. Some properties of phosphorylcholine glyceride
transferase from human lung are similar to those in
other tissues. The pH optimum of 7.5-8.0 of the
human lung enzyme is near, but slightly towards the
neutral side of the pH optima of 8-8.5 found in brain
[17], muscle [21], and liver [28] of various animal spe-
cies. Mg or Mn is required for activity in several sys-
tems studied thus far [17, 21, 26, 28], and Mg is re-
quired for phosphorylcholine glyceride transferase ac-
tivity in lungs of human neonates, even when a whole
homogenate preparation is used as the source of the
enzyme. Temperature optima have been reported as
38° in brain [17], 45° in liver [28], and 37° (in this
laboratory) in human lung. Nonionic detergents are
potent inhibitors of the enzyme from other sources [17,
26, 28]. Triton X-100, at the 0.01% level used in the
standard assay, inhibited the human lung enzyme only
10%. Calcium inhibition of the enzyme from other
tissues is reported [17, 21, 26, 28]. Calcium also inhib-
ited the human lung enzyme, but at the high concen-
trations used (5.3 mM), it is difficult to say that this was
a direct or an indirect action, such as paniculate pre-
cipitation.

Some differences in phosphorylcholine glyceride
transferase from human lung and other sources are of
interest. The Km for CDP-choline is reported as 1.3-2.2
X 10~4 M [17, 28, 29] in other systems and 1.4 X 10~5

M in human lung. Assay conditions, the type of en-
zyme preparation (whole homogenate, microsomal,
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etc.), or the source of the enzyme may account for this
apparent difference. This enzyme is reported to be mi-
crosomal in rabbit lung [14], rat brain [17], chicken
and rat liver [28, 29], and is particulate in certain
larvae [25]. Whole homogenate was required for activ-
ity in the present system, and this contained enough
endogenous diglyceride so that added dipalmitin had
no effect on product formation (Table I). With other
more purified enzyme preparations [19, 21], exogenous
diglyceride was required for maximal activity.

Artom [2] has shown that lung phosphorylcholine
glyceride transferase reached full activity near the time
of birth in the rat. In rabbit, however, the incorpora-
tion of CDP (l,2-14C)-choline into lecithin was maxi-
mal in the preterm rabbit fetal lung and decreased
towards term [14]. The enzyme has been noted in im-
mature human fetal lung, but with very low activity
[13]. The studies shown here suggest that human pre-
mature lung has a higher phosphorylcholine glyceride
transferase activity than human lung tissue from later
gestations (Table II). A similar finding was noted for
choline kinase [30]. Further interpretation at this
point is difficult because of the heterogeneous popula-
tion and the nonspecific method of choosing the site of
tissue removal in this study. The patients varied not
only in gestational age, but also in age at death, type
of disease, and therapy. Studies relating these factors
and enzyme activity are continuing.

Summary

Phosphorylcholine glyceride transferase activity in
human newborn lung was assayed. The enzyme prep-
aration was made by homogenizing lung tissue (re-
moved at autopsy and frozen until used) in phosphate
buffer, and assayed by determining the amount of
CDP-choline-14C incorporated into radioactive lecithin
in the presence of magnesium and dipalmitin. Product
synthesis was dependent upon protein concentration,
time of incubation, temperature, cofactors, and pH.
Activity was higher in lungs of immature-premature
infants than in lungs of later gestations, and liver
tended to have greater enzyme activity at all gesta-
tions.
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