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APE 2325

1
1 HZQ-X
2 J2—21M Backman
3 1442  MULTI-WAVELEI-VGTH
FLUOROIMAGER WALLAC ARTHUR
4 Biometra
5
6 DYY- 2
2
T4DNA Tag DNA DNA
TaKaRa Bi10TECH Co.,Ltd( )
QIAGEN
PCR DNA
3
TE pH 8.0 1 mmol /LEDTA pH 8.0 10 mmol/L

Tris-Cl pH 8.0

STE : 1mmol/L EDTA pH8.0 0.1mol/L NaCl
10mmol/L Tris-Cl pH 8.0 ;

TAE :0.04mol/L Tris- ,0.001mol/L EDTA

: 50mmol/L 25mmol/L Tris- CI(pH 8.0) 10mmol/L
EDTA, 6.895x 10°Pa 15 4



0.2mol/LNaOH (  2mol/L ) 1% SDS
(  10% )
> Smol/L 60ml 11.5ml, 28.5ml ,
3mol/L S5mol/L
4
1 2YT % 1.6 1 NaCl
0.5

1 N NaOH pH
20
2 2YT th
0.5 2
1 N NaOH pH
20

7.0 15 Ibf/in® 1.034*10°Pa
1.6 1 NaCl

7.0 15 Ibf/in® 1.034*10°Pa

3
100mg Iml
4 IPTG
0.238g IPTG 10ml 0.45p m
1 Aeropyrum pernix K
1 1.5mlI  Aeropyrum pernix K. 10,000rpm
200y |
2 50p I 50mg/ml 4
3 1/2 2%  SDS 10
4 5



5 2 DNA  12,000rpm 5
70%

6 TE
2 PCR
Aeropyrum pernix K Nde
N P, BamH C P. APE 2325
P, 5 -TTTAGAATTCGCGCATATGGGTGTTAACGAGG-3’ N 32bp

P. 5 — TTTTGGTACCTTAGGATCCAATTAGTGTTTAGCCTCCG-3' C

38bp
PCR

Pyrobest DNA Polymerase 0.5u 1

10x Pyrobest buffer 10p 1

dNTP Mixture 8u |

primerl 1u |

primer2 1u |
0.5p 1

ddH0 79u 1

100u 1

94 2

94 0.5 ——

55 0.5 —» 35

72 1 E—

3 DNA



DNA

1 200ul 10ml LB 50ml
37 250 rpm/min
2 200ml LB 1L 4ml
37 ODeoo 0.5’*0.6
1~2 h
3 250ml
20min 4 10min  8000rpm/min
10000g
4 100ml 0.1mol/L MgCl; pH7.2
5 20ml 20%
0.1 mol/L CaCl, pH 7.2
6 iml 40  1.5ml Eppendorf -80
DNA
1 1.5ml 12000 7/
2 400u ISTE 12000 7/ 30
3 90u 1 10up 1



4 2004 1

5 150u | 4-6 3-5
12000 7/ 5
6 12000 7/

7 2 DNA,12000 7/ 5
70% TE

200u 1B 10u 1 4 1 RnaseA

1 PCR
1.5ml Epperdorf

Buffer 10x K 2u 1
BamH 1u 1
Nde AV |
PCR 12p 1
DdH.0 4u 1
20p 1
37 1



1

1.5ml Epperdorf

Buffer 10x K 2u 1
BamH 1u 1
Nde 1u 1
10p 1
DdH0 6y |
20 1
37 1
PCR
T, DNA Ligase 1u 1
Buffer 1u 1
1u 1
PCR 5u 1
DdH.0 2u 1
10up 1
16
APE 2325
5 ml
10 2h Aw=0.6 1
B -D- IPTG 1 mmol/L
4 h 6000 g 4 15 min
12% SDS-PAGE
APE 2325

37



PCR DNA , Aeropyrum
pernix K. APE 2325 PCR
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Fig.2-1 PCR amplication of APE2325 gene
Az PCR product of APE2325 gene;M: DL2000 Marker
474bp PET15b
BLP 2YT
Nde BamH

2-2 PET15b 5700bp
APE2325 470bp
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Fig.2-2 Restriction enzyme digested of the recombinant plasmid
PET15b-APE2325
A, DL2000 Marker; B,Colony of pET15b-APE2325 digested with Nde /BamH
; C, A Hind Marker

APE 2325 GeneBank
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A M




Fig 2-3 12% SDS-PAGE of APE 2325.A, the expression products of

recombinant plasmid of induced with IPTG; M, protein marker.

2 3 18000Da
APE 2325
DNA
A,
A,
A,
www_ncbi .nIm_nih_gov PLA,
APE 2325 PCR PET15b
BLP 2YT
Nde BamH 12%
SDS-PAGE APE 2325
APE 2325

APE 2325



1 Uuv—250
2 OXOID
3 Tris B -D- IPTG
Bebco Industries Corp
4 NN —
N,N,N,N — Sigma
5 SDS-PAGE Molecular Weight Markers for Proteins
14,400-97,400

6 Novagen

7 Phoretix 1D Advanced 4.01 PerkinElmer Life
Sciences
2

PET15b BLP
A, pPET15b

3

1 2YT % 1.6 1
NaCl 0.5

1 N NaOH pH 7.0 15 Ibf/in® 1.034*10°Pa

20

2 2T % 1.6 1

NaCl 0.5 2



20

1 N NaOH pH 7.0 15 Ibf/in’

3
100mg Iml
4 IPTG
0.238g IPTG 10ml

1 8x Binding Buffer
40M
4AM NaCl
160mM  Tris-HCI pH 7.9
2 4x Elute Buffer
4aM
2M NaCl
80mM Tris-HCl pH 7.9
3 8x Charge Buffer
400mM  N1.S04
4 4Ax Strip Buffer
2M NaCl
80mM Tris-HCI pH 7.9
400mM EDTA

1 APE 2325

10%

1.034*10°Pa

0.45u m



120rpm/min

2ml
120rpm/min

1%
120rpm/min
OD=0.6~1 100mM
25
4 APE 2325

1

6000rpm 20

-30 1

binding buffer

200ml
12

IPTG

10-12

2ml
12

6L

1mM

37

37
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10
l
85 30
l
12000rpm 20min

2
3ml Ni-Chelating Column
5 1x Charge buffer
3 1x Binding buffer
11.2 Binding
buffer 5 1x Wash buffer

1x Binding buffer

5 SDS-PAGE
SDS-PAGE  Phamacia Electrophoreis EPS 500 / 400

) 31
2 2X
50mmol/LTris— CI(pH6.8) 100mmol/L DTT
2%SDS 0.1% 10%
3 Tris-
25mmol/L Tris 250mmol/L (pH8.3) 0.1%SDS
4

90ml 1 1 VNV 10ml



0.25¢g R250

5
90ml 1 1 VNV 10ml
30 min
p880-890
Table 3-1
12% S%
4ml 2ml
H.0 1.3 1.4
30% 1.6 0.33
1.5mol/LTris(pH8.8) 1.1 -
1.0mol/LTris(pH6.8) - 0.25
10%SDS 0.04 0.02
10% 0.04 0.02
TEMED 0.004 0.005
6
1 APE 2325 A “n
1
20p 1 0.1mg/ml NBD-PC Im 90
pH 8.0 50 mmol/L Tris-HCI 90

3m / 2 1 v

Vv



!
2600rpm,4 10

l

2.5ml
!
l
150y | / 11 v v
3
10p | I
65 4 v v v NBD-PC NBD-add
2 (61)
3 2 10 mmol/L
pul 90 pH 8.0 50 mmol/L Tris-HCI
40 pl APE 2325 20 ul
420 nm OD
Table 3-2
980y | 960y |
pH8.0Tris-HCl
20u | 20u |
e 40u |
Iml Iml

:

OD420/ 0.016x V /VEX [E]

35

940



ODa20 ODa20

\Y m
Ve
[E] mg/mi
€ 420 =1/0.016p M
3 APE 2325
1
U
7
Bradford BSA
(62) 1mg
/ml
Table 3-3
Binding [ 100 |95 |90 80 |70 |60 |50 40
buffer | u | gl ML fpl fpl [pl Y
5ni | 5m [5m [ 5m [ 5m | 5ml | 5m | 5mi
— 10 20 |30 |40 |50 60
— S5ul|pl |pl ful {fpl |pl Y
1 G —-250 100mg
50ml 95% 100mI85% 1000
ml 0.01% WN G -250

4.7% WN 85% WN



His-tag Ni-
APE 2325
Ni-
3-4 IPTG SDS-PAGE

18000Da 3-1

17871Da(APE 2325)+

Phoretix 1D Advanced 4.01
18286Da, 3-2

Table 3-4 Purification of APE2325

U mg U/mg % (%

2103 1087 1.93 100 1

1633 13.61 119.97 83.6 62.16
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Fig.3-1 SDS-PAGE analysis of the expression products of
recombinant APE 2325 in BLP

M, protein marker; A, the uninduced expression products of
PET15b-APE2325;B, the expression products of recombinant plasmid of

induced with IPTG; C, the purified recombinant protein
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Fig 3-2 Phoretix 1D Advanced 4.01 analysis of APE 2325.



APE 2325

APE 2325
SDS-PAGE 18000Da
17871Da(APE 2325)+
Phoretix 1D Advanced 4.01
18286Da,
APE 2325
1 APE 2325
2
uUv—557 RF-5301PC
SHIMADZU
1442 MULTI-WAVELEI- VGTH
FLUOROIMAGER WALLAC ARTHUR

Phoretix 1D Advanced 4.01,Phoretix 2D Advanced 5.01

PerkinElmer Life Sciences



p-NITROPHENYL PROPIONATE
p-NITROPHENYL CAPRYLATE
p-NITROPHENYLL LAURATE

p-NITROPHENYL PALMITATE p-NITROPHENYL
STEARATE acyl-2(N-4-nitrobenzo-2-oxa-1,3-diazole)
aminocaproyl phosphatidylcholine (NBD-PC) Sigma
1
2 APE 2325
p-NITROPHENYL PROPIONATE p-NITROPHENYL
CAPRYLATE  p-NITROPHENYLL LAURATE p-NITROPHENYL
PALMITATE p-NITROPHENYL STEARATE 10mmol/L
3 APE 2325
NBD-PC 50 mM Tris-HCI pH 8.0
50 -100 PLA;
50 mM Tris-HCI
pH 8.0 40 -100

4 APE 2325 pH
50 mM pH pH 5.0-7.0
pH 7.5-8.8  Tris-HCI ,pH 9.0-11.0  Gly-NaOH
APE 2325



5 APE 2325

50 -100 20
6 APE 2325 pH
APE 2325 50 mM pH pH 5— 10.5
24
7 APE 2325
Lineweaver-Burk 1/V-1/]S]
APE 2325
940l 90 pH 8.0
50 mmol/L Tris-HCI 40 pl APE 2325
25-200pM 420 nm OD
8
60
9 APE 2325
50-100 10
, 295nm
350-450nm

295nm 385nm

63



1 APE 2325
PLA.

1 APE 2325
4-1
2325 PLA

‘ HED-acid

PLA.
NBD
PLA.
APE 2325 NBD-PC

Fig 4-1 The PLAZ actiwity of AFE
2325,

The asszay mixture contained

0. lmgfml HED-FC, SO0mM Tris—HCL
(pH3.0) and APE 2325. The
reaction system was incubated

at 90%2 for 1 heour.

PLA.

PC NBD-PC

APE 2325 PLA;

NBD

APE
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Fig 4-2 Calibration curve. The system contained NBD-PC of different
guantity as standards, and were detected by using Arthur Imager(a
multi-wavelength fluoro-imager). Analysis was determined by Phoretix

1D Advanced 4.01 and Phoretix 2D Advanced 5.01 softs.
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Fig4 -2' Calibration curve. The system contained NBD-PC of different
quantity as standards, and were detected by using Arthur Imager(a
multi-wavelength fluoro-imager). Analysis was determined by Phoretix

1D Advanced 4.01 and Phoretix 2D Advanced 5.01 softs.



Fig 4-3 Effect of temperature on the PLA, activity of APE 2325.The assay
mixture contained 0.1mg/ml NBD-PC, 50mM Tris-HCI (pH 8.0) and APE 2325.
1-6,the reaction system was incubated at 50 -100 for 60 min

respectively. The products were separated by silica gel thin-layer
chromatography by using chloroform/methanol/water(35:65:4,by vol)

and detected by Arthur Imager. The positions of NBD-PC and NBD-acid

were indicated.

3 APE 2325

NBD-PC
pH=8.0  Tris-HCI 50 -100

90
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Fig 4-4 Effect of temperature on the PLA, activity of APE 2325_The assay

mixture contained 0.1mg/ml NBD-PC, 50mM Tris-HCI (pH8.0) and APE 2325.

The reaction system was incubated at 50 -100 for 60 min
respectively.
2 APE 2325
1 APE 2325
APE 2325 APE 2325

Table 4-1 Effect of substrates on the esterase activity of APE 2325

Substrates Relative activty %
p-NITROPHENYL PROPIONATE 100
p-NITROPHENYL CAPRYLATE 79.5
p-NITROPHENYLL LAURATE 23.7
p-NITROPHENYL PALMITATE 0
p-NITROPHENYL STEARATE 0

4-1 APE 2325



2 APE 2325

APE 2325
pH=8.0  Tris-HCI
100 pH=8.0  Tris-HCI
40 -100
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Fig 4-5 Effect of temperature on the esterase activity of APE 2325
The assay mixture contained 50mM Tris-HCI (pH8.0), 10mM p -NITROPHENYL
PROPIONATE and APE 2325. The reaction system was incubated at 50
-100  for 5 min respectively.
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90

APE 2325 90
65 50
40% 100 80%
3 APE 2325 pH
pH
pH
APE 2325  pH4-8.8 pH
4-6
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Fig 4-6 Effect of pH on the esterase activtity of APE 2325. The assay mixture
contained 50mM Tris-HCI (pH 8.0), 10mM p-NITROPHENYL PROPIONATE and
APE 2325. The reaction system was incubated at 90  for 5 min at

different pH.
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Fig 4-7 Thermostability of APE 2325. ?APE 2325 was incubated at 80
APE 2325 was incubated at 90 ;O APE 2325 was incubated at

95 . The assay mixture contained 50mM Tris-HCl (pH 8.0), 10mM



p-NITROPHENYL PROPIONATE and APE 2325, then was reacted at 90 for
5 min. Aliquots were removed to determine the remaining activity.
APE 2325 80 1h 76.64%
90 1h 68.23% 95 1h
53.56%
5 APE 2325 pH

4-8 APE 2325 pH7-9
70%
100
S
> 754
=
< 50
()]
=
£ 251
x
0 e T T T T T

4 6 8 10 12
pH

Fig 4-8 pH stability of APE 2325. APE 2325 was incubated at different
pH at the room temperature for 24 hour. The assay mixture contained
50mM Tris-HCI (pH 8.0), 10mM p-NITROPHENYL PROPIONATE and APE 2325,
then was reacted at90 for 5 min. Aliquots were removed to d etermine
the remaining activity.

6 APE 2325

,Michaclis Mcnten
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Fig 4-9 The determination of kinetic parameters. The assay mixture
contained 50mM Tris-HCI (pH 8.0), 10mM p-NITROPHENYL PROPIONATE and

APE 2325. The reaction system was incubated at 90 for 5 min.

4-9 Km Viax Vimax=Kea * [E]
Kea 17871Da



Km=1083uM Vm=249.60uimg kcat=39.04s
7
5 Na" K Ca” Mg~ zZn*
Immol/L 4-2

Zn2+

Table 4-2 Effects of different metal cations.

Metal cations Specific Relative
activity u/mg activity %

Blank 171.89 100

Na' 100.58 58.51

K' 135.58 78.88

ca” 141.28 82.11

Mg** 123.23 71.60

Zn” 0 0

8 APE 2325
4-5 40-80 5 Arrhenius

17.557kJmoftK?t 410
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Fig 4-10 Arrhenius plot of APE 2325.
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Fig 411 Fluorescence time course spectra of APE 2325 at
different temperature. Black curve: APE 2325 was incubated at 50
for 10min; Blue curve: APE 2325 was incubated at 60 for 10min; Red
curve:APE 2325 was incubated at 80 ; Green curve: APE 2325 was
incubated at 90
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Fig 4-12 Fluorescence emission spectra of APE 2325 at different
temperature. Blue curve: APE 2325 was incubated at 50 for 10min;

Red curve: APE 2325 was incubated at 80 for 10min; Green curve:APE

2325 was incubated at 90 ; Black curve: APE 2325 was incubated at

100
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pH4.0 24
60 80
76.64% 90 60
60 46.69%
Km, kcat, Vm 103.3u M, 39.04s™,
APE 2325
APE 2325
1 A

NCBI GENE BANK

2 A

NCBI STRUCTURE

3

DNASIS

4

AMD—KT TM PROCESSOR
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Galapagos finches
SVI PLA2 Streptomyces violaceoruber 122
APE 2325 Aeropyrum pernix K, 157
AME PLA, Apis mellifera 134
BCA PLA; Bungarus caeruleus 118
BTA PLA; Bos taurus 123
PFL PLA; Pseudomonas fluorescens bv. 128
SSC PLA, Sus scrofa 124

VAM PLA, Vipera ammodytes 157



PLA.

2325

Table 5-1 Comparison of amino acid sequence of different PLA,

PLA.

BCA PLA; BTA PLA, SSC PLA, VAM PLA,

SVIPLA; PFLPLA;

AME
SPLA;
APE

AME BCA BTA PFL SSC Svi VAM

PLA, PLA, PLA, PLA, PLA, PLA,
APE
2325 17.9%  15.2%  15.4% 15.6%  13.7% 16.3% 17.2%

5-1 BCA PLA, BTA PLA, SSC PLA,

83.7 14
PLA, PLA,
5-1
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MLIMA AECK---YTVYDSTDQESFPNT---------- 17
APE PLAZ EEACREAGTCPER--RESGAGRGEYVWVYES 56
AME PLAZ DACCRTHDHEHCPDV--HSAGESEHGLTHTAS 55
BCA PLAZ = = == = = = = = = = == = = = CTEPEVTAYVH|TCC Y- 26
BIL FLAZS = = s= mmimrdis =mieh IFPSSEPLLDFNE|IYGC Y- 2B
VAH PLAZ @ - - - - - = m == = = = = CEEAYHSYAI|IYGC - 27
S50 PLAZ = = = = @ @ = = = = = = a IFGSHPLEDFEN|IYGC - ZB
I Pl @ smmmm e OTSASSONAVNLAARN 27
PFL PLAR-. ooy Sy e T O e T LT FAILIEIDESCETFTVY- 31
KPE PLAZ IIRSGYFDGRSRERLILYVISEYLYNYEGLEF B8
AMIE PLAZ ETRLISCDCDDE--- - - FYDCLENSIADTISS &0
BCR PLAZ =~ = == = = = == = = == = = = == - = CoE[cGs[dT e w[T 37
BTA PLAZ = = == = = = == = = == = = = = = = = COLGGSHT P vl 39
VAE PLAZ - === - === == ========-= Cov|eclo|oR A ofp| 38
§SC PLAZ = == =====2==2=2==2==2=&=2== CeLlcas[dT P ¥in 39
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Fig 5-1 Sequence alignment of PLA, from different sources.
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Fig 5-2 Evolution tree of PLA, from different sources.
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Fig 5-3 Sequence alignment of APE 2325 and archaea. A:APE 2325; B:

149aa long hypothetical protein from an archaea Sulfolobus tokodaii.

PLA;
SPLA;
14kDa, , 5-7

His-Asp
2 CPLA;
85kDa SPLA; 2
N
G-X-SX-G iPLA; 29-85 kDa

Ser
NCBI GENE BANK APE



2325 Sulfolobus tokodaii
5-3

PLA. 17 kDa 7

APE 2325 IPLA,
2 APE 2325

Amino Acid Count Mal%

Ala A q 5. 73
irg R 11 13, 37
Asn N 4 2.54
hsp T 5 3.18
Cys C 7 4.45
Gln § 1 0. 63
Glu E 15 11. 46
Gly G 15 11. 46
Hiz H 1 0. 63
Ile I 11 7.00
Lew L 11 7.00
Lys K B 3.82
Met M 1 0. 63
Fhe F 3 1.91
Pro P B 3.32
Ser 3 10 B. 36
The T 8 1.27
Trp % 4 2.54
Tyr Y 7 4.45
Val ¥ 12 7. 64

Fig 5-4 Amino acid constitute of APE 2325.
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Table 52 Hydropholic residue comparison of PLA, from different sources.

Amino APE AME BCA BTA VAM SSC SV PFL

Acid PLA, PLA; PLA, PLA, PLA, PLA, PLA, PLA,
A 573 298 7.62 4.87 8.19 645 1639 93
F 191 373 2.54 3.25 3.27 403 7.37 4.6
G 1146 8.2 5.93 4.87 9.01 483 491 8.5
| 7 2.98 5.08 4.06 4.09 403 163 6.2
L 7 6.71 3.38 6.50 4.09 5.64 2.45 3.
M 0.63 2.23 1.69 0.81 081 161 0.81 4.6
P 3.82 3.73 5.08 4.60 0.81 4.03 4.09 2.3
\Y, 7.64 3.73 254 325 4,09 161 245 7.8
W 254 1.49 0.84 0.81 0.81 0.8 3.27 0.7
Totd



(%) 4773 3578 347 33.02 3436 3303 4337 484

o5-4 APE 2325 Arg 13.37 Glu 11.46%
5-2
PLA; APE 2325
PLA;
5-5 APE 2325 B
a a pB
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Fig 5-5 Second structure prediction of APE 2325.
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Abstract

Phospholipase A, (EC 3.1.1.4, PLA,) enzymes are frequently
found in nature, especially in mammalian pancreas and animal
venoms. They catalyze the hydrolysis of phospholipids at the
sn-2 position of the glycerol backbone to release fatty acid
and the corresponding 1 -acyl lysophospholipid. PLA; have been
classified into three main groups: 14-kDa secrected enzyme
(sPLA;), the 85-kDa cytosolic enzyme (cPLA)), and a
calcium-independent enzyme (Cal-PLA;) found in myocardial
tissue. The release of arachidonic acid (AA) from membranes
by PLA, and its subsequent conversion into leukotrienes,
prostaglandins, and other eicosanoids plays an important
role in inflammation.

The hyperthermophilic archaeon Aeropyrum pernix K. grow
optimally at more than 90 and produce many interesting
thermophilic enzyme. These enzymes are characterized by a
high degree of thermophilicity and thermostability. The
study of enzymes extracted from thermophilic sourses is
helpful in elucidating the mechanisms of thermal stability;
knowledge of the molecular strategies used to realize
thermostable proteins is of great importantce not only for
its Dbiochemical interest but for Dbiotechnological
applications as well.

Recently, the sequence of the genome of Aeropyrum pernix

Kiwas completed at the National Instituteof Technology and



Evaluation (Tokyo, Japan). The open reading frame was found,
composed of 474 bases. The PCR amplified gene was hydrolyzed
using Nde? and BamH?, inserted in pET15b cut with the same
restriction enzymes and expressed in the hostE.coli BLP. The
recombined phospholipase A was purified by Ni-chelation
chromatography with only a one-step procedure. Sodium
dodecyl  sulfate-polyacrylamide gel electropho-resis
(SDS-PAGE) of this enzyme was 17871 Da. It showed an optimal
activity at 90 and a pH of 8.0 (at 90 ). Kinetic analysis
revealed Km, kcat, Vm were estimated at 103.3py M, 39.04s™,
249.69u/mg respectively. And APE PLA, was thermally stable.
It remained 46.69% of the original activity after incubation
at 100 for 1 hour.

Now, PLA; from Aeropyrum pernix Kk (APE PLA;) has been
successful expressed in our lab. At the same time esterase
activity was also observed in this enzyme. It iIs interesting
to basic science as well as technological application for use.
Moreover, this is the Tfirst successful expression of
recombinant PLA, from archaeon, which is not reported in the
world until now. This study will facilitate the further study
of structure-function relationship of PLA, and the potential

medicine development.






