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Abstract : Phospholipase D (PLD) was immobilized on a submicro-porous membrane through covalent immobilization. The
immobilization was conducted on the porous membrane surface with the treatment of polyethyleneimine, glutaraldehyde, and the
anhydrase, in sequence. The immobilization was confirmed using X-ray photon spectrometer. The pH values of phosphatidylcholine
(PC) dispersion solution with buffer were monitored with respect to time to calculate the catalytic activities of PC for free and
immobilized PLD. The catalytic rate constant values for free PLD, immobilized PLD on polystyrene nanoparticles, and im-
mobilized PLD on a porous cellulose acetate membrane were 0.75, 0.64, and 0.52 s™', respectively. Reusability was studied up to
10 cycles of PC hydrolysis. The activity for the PLD immobilized on the membrane was kept to 95% after 10 cycles, and com-
parable to the PLD on the nanoparticles. The stabilities for heat and storage were also investigated for the three cases. The results
suggested that the PLD immobilized on the membrane had the least loss rate of the activity compared to the others. From these
studies, the porous membrane was feasible as a carrier for the PLD immobilization in the production of phosphatidic acid.
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1.ME AL o2 A] HIEEH*}OH HojE= Aee de 3 A=
st 22 9 sl Rk AHlamute] SERPEH
32 2~ 1 E] § AH(Phosphatidic-acid, PA)-2 AJ3Eo] HEZ 3= 1S {ESHO1-6]. 18]al PAE Ti5-E 9] QI AL His}

* To whom correspondence should be addressed.
E-mail: jwpark@seoultech.ac.kr http://cleantech.or.kr/ct/

doi: 10.7464/ksct.2015.21.4.224 pISSN 1598-9712 elSSN 2288-0690
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

224



ot
1o

oy

1
u
oE ol 52 H1

ol i

ol
S
2

o

1,21 %ioﬂ A TEE
o, 31 ghaof QA

o 40
9

=
oft ¥

2l

21 €] 9 & 9 (Phosphatidyl-
cholme PC)E E1 ia] 717} SEME FHZEE 7teEs)
elElo] PAZF AAE S, o ARRHES A AR EA
O]-L}Ol i/\iE]-O]lﬂ]O]EE](Phosphohpase D, PLD)¢] 9]
ZZ=cH14].

OO

O
= e
=
=

AL

o] 7kek 4

21. 84 ksl
EZ A3z ato] g o] Zt](Phospholipase D, PLD), H+ HA}5F0]
750,00091 =] of g gl o] 7l (Polyethyleneimine, PEI), 27 o] 1
umel Ee) 2eho| A(Polystyrene, PS) ] A|9J4), 2 ekere|s)
0] =(Glutaraldehyde, GA), E & A~(3|=E A E)olu] - of E-
A AH(Tris(hydroxymethyl)aminomethane hydrochloride), 712
I B =X AJoFe BT A 7opdk= 2] X|(St. Louis, MO,
usayel A oo HEel AHA glol AHgH
& 3} ZF<%(Calcium chloride)-& AHAZFH(Tstul =, A&
Al, ZEEhol Al o= 1AL, Als-2] A7 o] 450 nmolal 27
0] 25 mmQl AMEZA ofA g o] E th-gA] 2(Cellulose acetate
porous membrane, CAPM)-2 tfgta}sH(istul=r, 7=, ¥
ZA)ozRe Fusgon A Ao oxom Ay
AUtk
PLDE CAPMS| A ZHHo| B8l ojs) 14sta7]
= =0l Figure 19 A|AE o] gl CAPMZ 137 @&
o2 Agslo] AbstA i on, AbslEl EHE 5% (v/v) PEL 50
mM BRI EE, pH 8 42890 2417t B2t T T2t} PEI
7158t 2 2B Eo] AxA7|aL Ax2E YHE
*P%&‘ A7kA) Bstsdch ARE PEI X8 EHE 2.5% (viv)
GA, 20 mM SIARFES, pH 7.5 Z&elo] 3417k Sk w717

ol H

Fho.2 04 ol 74skel PLDO) ofat Eon el g4 225
Cellulose Acetate
Porous Membrane 259G,
[step 3]
0; CHQ_CHQ CHQ CHO

[step1]

OOH CH,0OH CH,00

1 pM PLD
[step 4]

5% PEI

LD PID PID PILD
[step2]

NH, NH, NH, NH;

Figure 1. Surface modification steps for PLD immobilization.
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Table 1. XPS results for each step of surface treatments

PLD
0O; PEI GA .
CAPM Treatment | Treatment | Treatment Imm(.)blh-
zation
Cls | 49.8% 39.6% 37.2% 43.7% 45.4%

Nlis | 0.1% 0.1% 12.0% 9.4% 11.2%

Ols | 50.1% 60.3% 50.8% 46.9% 43.2%

S 2p 0.2%

pHT.0 [ ~PLD Immobilized on CAPM
—+PLD Immobilized on PS Particles
-+ Free PLD

pHG.5

pH 6.0 |

pHSS .

20 2

no[

0 S 10 1

n

Time (sec.)

Figure 2. Measurement of pH value for 1 uM free PLD, PLD immo-
bilized on PS particles, and PLD immobilized on CAPM.

22 obAlEo|E g whe] B AR i Tt A
ko Rz FAYET @ EA Y Fof Ahagk | 7E Sold o]
SRIE QAL PEIZ A 2ld Fol= da JR2H/7 343 =
o]7H= Aol IArEQth o] PEIJEo] CAPMO] HHo| &

g2 o2 45 F2Eo] 9 oujatch. 1 o GAR
435 GAX?] Fof THE g u]&0] 2719} PLDIAS}
of W Ak w&Y F7H: 27 oAbn A
PAMAS A7k] WHE pH gte] SH o2 muEHskgck
Figure 22= 1 uM PLD, 25 Coj| A &}-g-AFe]2] PLD, PSu| A<
1}01] 314348 PLD, CAPMo| 143kel PLDe| tfake] 57
) pH W3S el gick. 2 24 w2 pH g Wa
Apol7h WatstA waAEE AL melste], pH 7oA 2%
& WYL BE NS AR AlZke] T2 pH )
el A Aol PLDA cfsfel 7y whsud CAPMO] 31
kel PLDO| tfste] 71 =9l 212 ¢
PLDe] thak PCH O] Gol o] wieel Avtel Aow pet
glch. e, ek 102 WAL ARE 5
pHO| Zhe: w9 ARt 2
a2l

Q= Abdo] EE: o

Ack s, 231 PO Aol 2ol §A 9
o 4= Q). B & W] w2 ATE sty st
A}-g-Abe| o] PLD7} 72} o2 lnE—(l 0, 1.5, 2.0 yM)E 3

oW 2AAE AP 4W59ct PLDO] w7} F718
T8 ST MO R A B e A0 Lt

pHZ0T “o~ 1.0 pM Free PLD
= 1.5 uM Free PLD
—+— 2.0 nM Free PLD

pH 6.5

pH 6.0

pHSS

0 5 10 15 20 25
Time (sec.)

Figure 3. Measurement of pH value for different PLD concentrations.
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Table 2. Activity of PLD for free PLD, PLD immobilized on PS
particles, and PLD immobilized on CAPM

PLD PLD
Free PLD Immobilized Immobilized
on PS Particles on CAPM
Kear (s 0.75 0.64 0.52
K, (mM) 6.1 6.0 5.8
Keao/Kn M's™) | 12951 111.67 96.55
100 + o
R
80 |
S
Z 60 |
=
S
<
2 40 ¢
&
D
~ 2 * PLD Immobilized on CAPM
O PLD Immobilized on PS Particles
0 1 1 L L 1
0 )) 4 6 8 10

Cycles of Catalysis

Figure 5. Relative activity change with respect to the number of
reuse.
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Figure 6. Stability change with respect to thermal effect.
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