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Platelet activating factor (PAF; 1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine) is a potent lipid mediator in a
variety of physiological events. PAF is also involved in various pathological events including allergy and inflammation.
PAF-acetylhydrolase (PAF-AH) hydrolyzes PAF to produce inactive lyso-PAF. Thus, overproduction of PAF-AF will
be useful for the therapeutic valuation of the enzyme. In this study, we established an overproduction method of bovine
PAF-AH in Escherichia coli system. We used bovine mammary gland for cDNA cloning. The cDNA had two mismatches
of amino acid sequences (Thr-247 to Met and lle-431 to Thr) compared with the previously reported PAF-AH cDNA
(bovine spleen, NM_174578). The recombinant PAF-AH of 43 kDa in molecular size reacted with human PAF-AH
polyclonal antibody and showed a strong PAF-AH enzyme activity in an in vitro assay system. The recombinant
PAF-AH produced by this study can be applied for various experiments including in vivo models to test its protective

activity against PAF-related diseases.
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sto] EAdste Tz WE
& WA= WHAE7E PAFS el @dstar, WAl
of F-2hgl WET = PAF FEAIE Ldste] PAFT PAF &
SAzke] Adtol o3k A5 g W WEG7} beta-integrin
=4 migrationS E3 22072 o]E3A ) o]} o)
A5G oNA PAFS] A8 F9of shvii= WAl dEw
E4 FaAAE B3 g3 9l FaEe] gl M E
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oIz} Eslas (PAF-acetylhydrolase, PAF-AH)©]t}. PAF-
AHE PAFQ] sn-2 $X|8H= acetyl T+ 43} acyl”1E 7}
FE|5le] A4S 43 lyso-PAF (1-O-alkyl-sn-glycero-3-
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o] gt} (3,6,7,13,22).

G4 PAF-AHS 718k 503 Al E3 WA E
e PARS ek 93e Fdde Ry Hrgt dF

<

kDa$] monomer THMZ ZA] o] E

4 5

B O gAhsAdo] g3 W lipoproteind} A= o] At (20).

PAFo] Flolsli= Thoket 4 WaHe dsleli wHow
o

PAF-AHE 7] HE]d 4§ PAFO] fridhs 950l
AR ge] Bl Fglon (25), AF B L2
ofal Fiedl HAA F7] TF7] d5E AAESlaL (8),
anaphylactic shock 2ol A 2)Z3 PAF-AH7} AFEES A
sAlZlo] Kol # v} g E‘r (4)
Hit Ao A7) B 43 PAF-AH A4S %%
o] PAF-AH 242 7 EHOM Fopx|ell A 2|4
& Aol Bar EPmr(
%, personal communication). AF&He] %
| JE& Ao FFHY Alm AF 52

—|—’—|—'

< (necrotizing enterocolitis)

f
o s o}

O ox g ox kI

& T
9 o] °)

%
5ol ojgwe] en

o

s 1 w257 e,
k-

2, 2 AFAME 2] Ao RN E 7YY PAF-AH
cDNAE =I5}l PAF-AH TS WA 7]= A3 S
Y3k

2 ArellAl el Alx3 PAF-AH T2 43 kDaol
monomer=4 PAFS 4 atAl walshs Aoz ettt
& ATe] Avks o] A2 Wl 949 PAF-AH 24
o] A lvlstn] 2 AellA 2l PAF-AHE PAF
of o AW mE 5 g APl A2 F USs A

o,

[m}

ME Y e
1. RNA &2| 2! reverse transcriptase (RT)—PCR

Liquid nitrogenol] 35 B3l Ao] §413%2] 1 goll 10 ml
o] TRIzol™ (Life Technologies, Inc.)S % 7}all homogenizer
2 #383} AZTE 2 ml chloroformS 2o] 15%7F 2 4]
o]F 3 47T, 12,000 xg= 1587 QAR 1) dHE
2] & RNAE ¥slsl= 89 S5 A tubeoll %7 0.5 ml
9] isopropyl alcoholS- 2L -207Cl| A 30%7F RNAE Z A
Atk A" RNAZS 12,000 x<goll A 1087F 94“%14 3}
AFdE A A8}k, ice-cold 75% ethanol 2 A1 H 3 & ThA]
7,500 xg#= 5&3F A4 SRtk 4SS HE]al RNA
7F e AHES 1093 7474/\]731’/} RNase free watercl]
83A1A RNAY] s%E 5743 5 -70C] Baah ARE
39tk RT-PCRS 913le] RNA 1 ug< 25 mM MgCl,, 10
RNA PCR buffer, RNase free water, 2.5 mM dNTP mixture, 40
U/ul RNase inhibitor, 5 U/l AMV-reverse transcriptase (TaKaRa),
2.5 pmol/ul oligo dT-primerE ¥3§5h= &0l 2 A|F L},
o] "3 E3}E-S thermocycler (Perkin Elmer)2 30T ol A]
10%, 42°Coll A 308, 99Tl A 583t W-8-A]7A first strand
cDNAE A3t PCRS 2138 primers ©v] <A )
T A& 843 PAF-AHO] HVIMEE EOIE Hlo] oY
olFlste] FAstglom, 1 dVAYES v Ak

Forward; 5-ACGGTACCCAGCTCAGCTTCGGAGATG-3'
Reverse ; 5-GCAGATCTGCTCTTTTAATCTAAATTTGGTC-3

PCR tubeoll H+ ZF 405 pl, 10X buffer 5 ul, 2.5 mM
dNTP 3 pl, 5 U/ul Ex-Taq (TaKaRa) 0.5 pl, cDNA 2 pl<} g4 3
100 pmole2] Z} primer 0.5 uI& A7k % 50 ple] ¥H§ &
FES ATk PCR WHEEL 94Col| A 5&3T pre-
denaturations}az, 94CollA] 13t denaturation, 58 CollA] 13
7} annealing, 72°Coll A 233t extensions & 30%] A3}
ZFZ31) npRwo 7 72704 10537t post-elongationA|
k.
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PCR productE 1% agarose gelollA #7]%353F 5 extrac-
tion kit (Qiagen)= o]-&& Y3l 1.3 kbel bandZS E3H
3 pCR3.1 vectoroll 224 3}3Ith PAF-AH cDNAS] S24
5 gkelslr] 3ke] mini-prep kit (Promega) 2 58 =29
DNAZE H]3}e] Big dye terminator cycle sequencing kitZ ©]
43t 97|X9S A3t 4 w2l terminator ready reac-
tion mix template 1.6 pmole2] sequencing-8- primer, 200 ng<]
DNAE 33t & 96 CollA 10%, 50Tl A 5%, 607l A
287 & 253] PCRS =881tk PCRo] ¢ & A &
<, 3 M sodium acetate (pH 4.6), 95% ethanol2- 718 &2
ol A 10%3F W] 8kl A2 14,000 rpmoll A 30%-7F A&
sl JEaS AAT F 70% ethanolZ A2 3laL, thA]
87 dAlEEste] s HS AASIIL pellets 71xg o}
S 3 pl9] loading buffer X (5:1 deionized formamide to 25 mM
EDTA, 50 mg/ml Blue dextran)oll = F5-AIZ T} 4.8%<]
sequencing geloll A A7]9F3l F71E 4 Z2aas

olg3tel AR S BB

3. PAF—AH CHHZO| Ch2s it

PAF-AHE E. colicll A tha & 21717 flal =gk 17
promotere} 2ol o]3k His - Tag2 7F% pET30a vector
(Novagen)= cloningal3ith. o1& 9l PAF-AHZF S 24 &
o] 9= pCR3.1S Algta s KpnlZ xXholeZ2 Adtslo] ¢
3= 1.4 kb PAF-AH cDNA ©HAS ¥-2]3la pET-30a0l
ligation A7 PAF-AH A& pET30a°] =4 313t

PET30ac] Z&4 ¥ PAF-AH §421= 7Fd E. colioll 4]
PAF-AH7} 23 5% 2olr 7] 93] transformantS 5 ml2]
LB/Kan "jA|ell FEate] 37CAA "I 71500k v gy 2
ml= 100 ml9] LB/Kan ¥lX]ol] 34 af tir] 37°C el <k
71014 600 nmel| A e FF w7} 0.7~0.8 Alol7} & wj7hA]
7159k IPTGE il%%‘i 1 mM=E H7hs) 2A1F &< whil
A BFS FE3 F 5000 Xg, 4ColA 1587F LA 2g
3T A5 oA 30 sec pulses-30sec gap S = sonication
Skal thA] 12,000 Xg, 4CollA 203 A4l shaleh &
Aol &A -20Cel Byshy Ao ALg-3)

Fo2 )
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24 =4S 9al [*H-acetyl] PAF (DuPont-New England
Nuclear) 2F 100,000 dpm= 2] Alg3hol ¥l N, gas®
ethanolS 3&A1# 93-S PAF lipid filmell Tris-tyrodeS 7}
) sonicationd}e] ©]E PAF-AHS| 7A = A48t} Lysate
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oA AL FAZ 10yl Yar 0.5 M Tris-Cl (pH 7.4) 12,5 I}
0.1 M EDTA 125 pl, 50 mM 2-mercaptoethanol 25 pI& €3l
37T 303t BFst & F=] N7 F/HF 250 pI=
HES-S FA AT Multi-vortexoll Al A 3HA] mHkA ] 3
3,000 rpmel| 4] 1047F AAlEE]ste] A5 600 pIE vialel
%71 3 ml€] cocktail solution (Triton-toluen)= 4 71sf f-2]%
[®H] acetic acid= liquid scintillation counter (Beckman LS 6500)

2 =333k,
5. Western Blot

ol sampleS- BSA9} BCA protein assay reagent® 73 &
3l & SDS sample buffer (100 mM Tris-Cl, pH 6.8, 200 mM
dithiothreitol, 4% SDS, 0.2% bromophenol blue, 20% glycerol)<}
4j0] 95°Cel| 537k A3 3 12% SDS polyacrylamide geloll
lane'd 30 pgel A Yol 719 3F3Itk Semi-dry transfer
system (Bio-Red)= ©]-83}<] nitrocellulose membraneo] # o]
A1Z1 % 5% skim milk (50 mM Tris (pH 7.4), 150 mM NaCl,
and 0.1% Tween 20)= blockings} it} A3 3 PAF-AH &
A (1:500 3]4], Cayman Chemical Co., Ann Arbor, USA)Z
4T Oﬂfﬂ TP A A" eEA T Eet wj sk, TBST=
M 3s - horseradish peroxidase”} conjugate® goat anti-
rabbit 1IgG= 1417+ o] w3t
system (Amersham Biosciences, Piscataway, USA)S-

3 chemiluminescence detection

o83l

X-ray filmell ZHgAA @S AEsioi.
2 1t

1.4 fFUx

ZollA PAF—AH cDNA 229

PCR 23} o5& oF 1.4 kbe] cDNAZ} BEE QoM
°]& pCR3.1 ¥WHol| =Y s3It & 2719 229 7]
qES A3 A3} 1,332 bp9] open reading frame®l 4447)
o] opnjAte] o|SE= QUM Hol WHAENAL o= oF 43
kDa®] FA}ol| = Art 7|&Ee] Bal Ho] 9l 49

H|%} PAF-AH cDNA 97144 (NM_174578)3} ®]aidk A3},
U2 22 zolg AT = SIStk ACG (247-Thr) —
ATG (Met), ATT (431-1le) — ACT(Thr).
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pCR3.1°1 F24 o] 9 PAF-AHE E. coliol A tha
e A]717] $138) pET30a vectore] Kpnld Xhol H-$fl
subcloningdFith. %5432 E. coli BL21o A3k A]A
IPTGE thild wlelS Fealin) A3 lysatesS #2] 0}04
PAF-AH &4& S74¢ A, ARSg wix] W SAE

BL21A = EAEAd o] YERA %o} PAF-AHE ﬁg
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Relative PAF-AH Activity
(% of hydrolysis)

Medium BL21 Lysate = PAF-AH/BL21

Figure 1. PAF-AH activity from the lysates of E. coli BL21
cells. The PAF-AH activity in culture medium, lysates of BL21
cells, lysates of BL21 cells transformed with bovine PAF-AH gene
on an expression vector pET30a were analyzed as described in

Materials and Methods.

Figure 2. SDS-PAGE profiles of cell lysates of E. coli BL21
transformed with pET30a (1), BL21 transformed with bovine
PAF-AH-pET30a (2), and BL21 transformed with bovine PAF
AH-pET30a induced by IPTG (3). Induced expression of PAF-AH
protein (43 kDa) is indicated by an arrow. M, protein size marker
(104, 80, 46.9, 33.5, and 28.3 kDa from top to bottom).

AAZE BL21 MZE AT PAF-AH T4 o] #akE it

(Fig. 1).
3. PAF—AH Western blotting

E. coli lysates SDS-PAGE 3+ Z ¥} cDNAZH-E ol 5]
© A71]1 43 kDa®] WuElEo] PAF-AH/BL21 Aol A
HEE AL o 5 AaL (Fig. 2), AFF PAH-AH A2
Western blot &+ A7} 43 kDa T o] vES3HS & = QU
t} (Fig. 3). o]+ Az Hop B oA & FHxA Y

PAF-AH/BL21

—
™
-
m

Figure 3. Western blot of recombinant PAF-AH expressed in
cell lysates of E. coli BL21 transformed with bovine PAF-AH
gene cloned on pET30a. PAF-AH protein (43 kDa) was detected
using anti-human PAF-AH polyclonal antibody. M, prestained
protein size marker (104, 80, 46.9, 33.5, and 28.3 kDa from top to
bottom).
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W AW & Hee= 2104, PAF-AHO] Hdo] o
W o]l& 544
2 4 vt A
stroke), T4, 21
PEG 5 2L I35 AP geks Ay 7] g
A1 PAF-AHS| Z717F Hal ¥ It} (10,11,17,18,21). Wi
2, AR W2 PAF-AH 248 Uehle dyozes A
2l A Fubad 33k (systemic lupus erythematosus, SLE),
A4 AT AA, HdF, 224 ¥ 5ol drt (5). 2L,
o} 7Z+e AW AHEE Tho a7 o] AHd
F QA oUW o5 FAao FA|7F Y] wliel] i
7] ojHtk. €% U LDL 5+ 43 PAR
FaAxtelt), o & 5o, SLE $x}e]
78 LDLY BeAdo] itk o]}
LDLY A¥tEo] vhest 2
A = Qi (29).
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% 8o M E Hlgh HIERE PAF-AHO 24 Aalo] 92
Haelgirh 107 7FSel A Al eSS4 g A3
PAF-AHS] AL A 44

fashion) o2 fFHEcty RIslqieh Hop v 32
PAF-AH®| A& WIE7} 2S¢kl 9l olo]EellA =9
om, o] B2 PAF-AH &A43 ¢5dgte] AddS 7
7 WEke] HojFE olga & 4= 9T} (26).

AHAQ PAF-AHS] A& wio] wAlsh= dedd 4
el gE o vgds AAotelth A% 15009 ©] 8]
oF 1%ol sigsh= AlAoball A Abg A4 (necrotizing
enterocolitis, NEC)°] UERATE NECS] 8915 % PAFO]
2 949 el Aow AZE L Q). Ratol PAF, LPS 2
TNFE 83 ol FAEAY hypoxias #shH NECS}
FAF} ischemic bowel necrosis7} 2=, o9} 7ZHe Y
2 PAF antagonistE AFzoll A28t o= 2avt 9l
th Egk PAF AIAE o] AWE okl e Aol FHol
FofalH NECZO| Zel& & 4 vl PAF-AH E484
& AQlell HE] Aol A stk M RE AL Rl
PAF-AH7} &A1311, o] NECY A Z4aAZ 4 9
th weka JEEhsel f1dEe] & AxAR
ol Aol Al PAF-AHE &wsld &S UAAA
T A AR AZE L 9t} (25).

I ATellMs 49 Zfrellx 43 PAF-AH 24¢] H
&

o G Aol we 20 iz o 25 E PAF-AH cDNAE
2 sho] g dES Aalsisleh & A 9
AL 949 PAH-AH cDNAZS-E o= 9712 7
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ARo™ A PAF-AH S-S B3TE AVIME #4 4
3} 4] I3 PAF-AH cDNAT 1332 bp<] open reading
frameol] 4447)|9] olu|iito] oS = AVIMERA] Abgtol
H|3}o] 379 ofm]yito] v Wgtow, FHlo] Qg A%
HE = (Met-1~Alal7)S 7HA 3 Atk Lipaset} esterase
o] FE AT F99 GXSXG motifE 7FA|L e
(272-GHFSG-276) A3 743 PAF-AHS] catalytic triad (24)
2 R Ser-273, Asp-296, His-351% K5 ZA)8Th (Ser-
274, Asp-297, His-352). Western blot 22} 2 7ljo] v]Eo] W
=7} B3 oY o] &5 AE2 E. coli BL219] ¥4
E2 7=, polyclonal A& ARE-3h wliEel Zo= A
Z+=) 1tk PAF-AH &9 8-S N-glycosylation H& Zo] £4
ol o] BYE Fo= Asn-423 2 Asn-4330] E3HE =
D) oI5 9A 429 PAF-AH 714 PolME 2 BEF o]
AATE N-glycosylation®] PAF-AH & A3Adol kS w2
G JuE B (14)% e, E. coli systemoll A H-2]3t
PAF-AH thiizlo] &8 7HA]&= Z o2 Hol PARS 3
3= Tl #oJhA] &= o=z AAEIh
PAFS 158 X3 thfst Welabgeols] S8tk o

d PAF-AHCl o) 2dBR, B A7 Avks
=2 invivo PAF ELElof| X PAF At AWEo] o
9 -l glo] PAF-AHO] &l gt ATl s &
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