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ABSTRACT

Phosphatidylglycerol(PG) and two unnatural phospholipids, phosphatidylethyleneglycol(PEG)
and phosphatidylpropyleneglycol{ PPG), were synthesized from ovolecithin using cabbage phos-
pholipase D(PLD) in a emulsion system. Optimum pH and temperature for the enzymatic
synthesis of PG, PEG and PPG in the emulsion system was 5.0—5.6 and 37 T, respectively, The
maximum activity for transphosphatidylation was obtained with 3080 mM Ca“. Addition of
25% glycerol was required to convert completely ovolecithin to PG, whereas 16% glycerol was
sufficient to attain the highest rate of conversion for both PEG and PPG syntheses, the highest
conversion rate was obtained with addition of either 10% ethyleneglycol or propyleneglycol.
However, the concentration of alcoholic acceptor should be increased up to 20% to improve
selectivity up to 100% for PEG or PPG synthesis, Identification of PEG and PPG was made
by analyzing the polyvalent alcohols released after their hydrolysis by HCl or PLD.
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Fig. 1. Effect of pH on the activity of phophol-
ipase D from cabbage. The values of pH
are those of bulk reaction mixture.
®, 50mM-acetate buffer. ©, 50mM-Pho-
sphate buffer; A, 50mM-Tris HCI buffer:
A, 50mM-glycine-NaOH buffer. real line,
phosphatidohydrolase activity: broken
line, transphosphatidylase activity.
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Fig. 2. Effect of temperature on the activity of
phospholipase D from cabbage.
®, phosphatidohydrolase activity: ©,
transphosphatidylase activity.
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Fig. 3. Effect of Ca ion concentration on the
transphosphatidylation of phosphatidyl-
choline to phosphatidylglycerol by cab-
bage phospholipase D. The reaction
mixture containing 20mM phosphatidyl-
choline, 20% glycerol, 50 mM acetate
buffer(pH 5.6) and various concentrations
of Ca ion as indicated were incubated
at 37C for 10 min.
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Fig. 4. Effect of phosphatidylcholine concentr-
ations on the transphosphatidylation in
emulsion system. The reaction mixture
contains 40 mM Ca ion and 25% glycerol
(20% ethyleneglycol or 20% propyleneg-
lycol) in 50 mM acetate buffer(pH 5.6).
e, PG; A, PEG. A, PPG.
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Fig. 5. Effect of glycerol concentration on enz
ymatic conversion of phosphatidylcholine
to phosphatidylglycerol in emulsion sys-
tem.The reaction mixture containing 30
mM PC, 40 mM Ca ion, 12% diethylether
and various concentration of glycerol was
incubated at 37°C for 15 min, Broken line
0, residual PC and solid line @, synthesiz
ed PG: O, synthesized PA.
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Fig. 6. Effect of base concentration on enzymatic

conversion of phosphatidylcholine to
phosphatidylethyleneglycol or phospha-
tidylpropyleneglycol in emulsion system.
The reaction mixture and condition was
same as Fig. 3 except base added. Circle,
PEG synthesis: triangle, PPG synthesis;
filled real line, synthesized PEG or PPG:
open real line, synthesized PA and open
broken line, residual PC.
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Table 1. Operation conditions of multistirring bioreactor for transphosphatidylation on emulsion system

Agitation velocity

PG PLG PPG
Acceptor glyeerol cthyleneglyeol propvlencglveol
(%) (25) (20) (20)
Phospholipid ovolecithin or purified PC
buffer 50 mM acetate buffer(pH 5.6)
Ca”’ 50 mM
Solvent 12%(v / v) dicthylether in water
‘Temperature 37¢

700 rpm
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Fig. 7. The amount of phosphatidylglycerol
synthesized at various phosphatidylcho-
line concentration in emulsion system,
®,05%(w/v); I 15%(w/v), @, 2.0%
(w/v) and A, 4.0% (w/v).
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Fig. 8. Enzymatic synthesis of phosphatidylgly-
cerol from ovolecithin in emulsion system.
The composition of ovolecithin is 60%
PC and 367 PE. The reaction mixture
contains 2% ovolecithin, 25% glycerol,
50 mM Ca"ion and 12% diethylether in
50 mM acetate buffer(pH 5.6). ®, Synth-
esized PG O, residual PC and A, resi-
dual PE,

Korean J. Biotechnol. Bioeng.

Hl) 3= PLDI: FulRaslel 3-8E A wkg el A
PGiE doldhAd A7k §A 4 PCiE V) AR ek
PO W3 Al A RS 7) 3 A e Al ka4t
of whit A pGEES Fig, 7 1P 7 2%9 4%
o PCFRA Al 60 7E WER- ATF) wWES-of 1]l oF

208 0] PG Aol Thgatl o, 05-15%¢) 71 4 el

15+ —1 100
180

)
=
T

x
=
2
Fractional conversion (%)

L I 1 'N
0 10 20 30 40 50 90

Reaction time (min)

Fig. 9. Enzymatic synthesis of phosphatidyleth-
yleneglycol from ovolecithin in emulsion
system. The reaction conditions was same
as Fig. 6 except adding 20% ethylenegl-
ycol as base. ®, Synthesized PEG: O,
residual PC and A, residual PE.

157 o 100

~ 10

(8/1

.

=

=
Fractional conversion (%

Concentration of phospholipid

1 A

6 10 20 30 40 50 90

Reaction time {min)

Fig. 10. Enzymatic synthesis of phosphatidylet-
hyleneglycol from ovolecithin in emul-
sion system. The reaction condition was
same as Fig. 6 except adding 20% pro-
pyleneglycol as base. ®, Synthesized
PPG; O, residual PC and A, residual
PE.
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