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Abstract: The effects of concentration, pressure, and molecular sige on removing allergenic substance
(phospholipase A,) in bee venom by ultrafiltration were investigated. The membrane pore sizes were
selected based on the molecular weight of the main compounds. The conditions of concentration and
pressure were selected randomly. As results, we obtained the optimum condition (1 mg/mL, 20 psi, 10,000
dalton) for removing PLA, at constant concentration of melittin and apamin and confirmed the separation
results by HPLC and SDS-PAGE.
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¢F 40 7}A Z Enzyme, peptide, nonpeptide, physiologically
active amines, carbohydrate, lipids, amino acid, 2=
= o Atk Enzyme®| 27322 phospholipase
A,°]3H(PLA,), hyauronidase®} peptide®] =8 A &<
melittin, apamin ~Z2] 2. nonpeptide®] 52/ % histamin,
dopamine, noradrenaline 522 Ao gt} o] &
2 559 g+, 34, 15, g G2, oy
7A38tZ, £ ¥} adrenocorticotropic hormone
(ACTH) #HE3 59 247148 o}’

o] T 7Hg A FAHEL melittin® 2 A%
=9 40~50%% SFdoh 195499 Neumann}
Habermannel] ¢35} 215 &34 842 A5 44y
132, 197213 Habermannol] o] Z & &-3]A12] A
xa G4o] HAHT FRAH 02 26 719 o]
stal dom, A2 olFS At o
T3, phospholipase A9t 7462 0= 2F-8-3f0] A
29 &FAS 7MY HelpA e R AA A
£ A3} catecholamine} cortisone 4] S F 3|
30 2lage AlZeE s A FHT AES

3 TSR, A AR A8
ATh Apamine 32859 2~3%° AA] &
o A7 A N 2E-38, melittin?} 7Ho] FEF 2
sty el A QT Mast cell degranulating (MCD)
peptide= mast cell®] 831} histamine®] it 5
AlZ1th, PL A = hyauronidase®} &7 732 3k X
< YeplH, AAA S g ste] AEgs] S8
Bl B=o] BAkS wolEt)l I allergend] F8

ol 2 B =9 allergene 2& &M, FE=87],
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N eE, FE, 4Y, A4 Sol Fute
F7) Ak 1 A A71%, A
Agol 91 & Jong YYelAE
FrpieoldE %, B59 4 FPL A,
YEES A5l EZE 559 W
90% oA o]ol] th3t immunoglobulin E (Ig
7F @Atk S5k as ol A
el = HAE 95t dHA] BAAA 4
Ao g zpdstojofgitt & A= PL
3] A AL 44 E o] melittin?} apamin 2
© wHRPATEES 471 st ghejofy
Atk gl oA e g, T, A7)
o}, PL A, B2o] e HA=AL T390, high
performance liguid chromatography (HPLC)$}  sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)Z E13}3ith.
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2.1. Ak & 77|
211 SFAIR
FWA A AL FQ X FF B (Apis mellifera L.)
A-AR((F)ERnte| 8], 3=hE A}
st} AL BEL] ZFo| A LS B8 E¢
-56°CoA -75°Ce] 2= 54 7
T B 5(PBV)S A&kt

212, A2t 2 o)

TR AHEH B5Y AEEES Fd
(melittin; from bee venom, Sigma-Aldrich), ©}3}%]
(apamin; from bee venom, Sigma-Aldrich), 322~ 2] 3}
o}Al A,(PL A, from bee venom, Sigma-Aldrich)S
TYste] F7F AAHA Qo] AHEstA, SEE
acetonitrile (©] 3} AN; Sigma-Aldrich), trifluoroacetic acid
(©l3}F TFA; Sigma-Aldrich)E AHg-3%t}. SDS-PAGE
A& o= 30% acrylamide/bis solution (Bio-Rad, USA),
Tris-HCI (Tech&I, BTH-9180-500M), SDS (Bio-Rad),
APS (Bio-Rad), TEMED (Bio-Rad)S T 38te] gels
WHE 13, coomassie brilliant blue G-250 (Bio-Rad)<}t
destaining solution (Bio-Rad)2 A}-8-3}% T}, Presision
plus protein dual xtra standards(Bio-Rad)S %3l
marker2 ARSI T 0.78~0.81 ps/cme] AEEE 714]
= HPLCE® S7F4(94h Korea)E 0.2 um filter
pape r(Phenomenex, USA)Z filter$s- AF&-31 T}
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2.1.3. 717|

319] o] 7} 7] (ultrafiltration)= millpore (amicon Stirred
Cell Model 8200)A41 &S A1&-3tR o 7]7]o AM&-H
membrane filter= millpore (ultracel ultrafiltration discs
5,000 Dalton, 10,000 Dalton, 30,000 Dalton)A] &2 A}
|3kt YA S-S XP 105 (Mettler toledo, USA)
2dg ARESEaiTh A2 1% HPLC 244 =
Waters 1525 p binary HPLC pump, Waters 486 detector,
Waters 717 plus autosampler2} column- Jupiter 4u proteo
90A (Phenomenex, USA)2 Al&3}%1th. SDS-PAGE
A¥= Mini protean tetra cell and power pac
supply (Bio-rad, 165-8025)% T-¢13te] AF&-3}itt.

22 5te|0{TtE 0|85 YK o
A

Azd A BEPBV)S 574 10 mg/mL, 2 mg/
mL, 1 mgmL H=E 7}7te] Fxof g =9l & &
<8-S A A7) Yall 045 um (Sartosius, USA) syringe
filtersE ©] &3l o Fstiet BwEd PLA, 3%
AAE flste] oA3e 713718 Al ' B2

2 nExEY

HI

Z7(Tabel 1)9}F ¥]aLste] A€ st 852 84
o] umgx] ok FIE 957 Y3 =
0~4 °CE FAIZ Aol X FF/Froll A4l gheloj et
e = 6]»9]0:1;4—7 Woll Wi 2ystar wnkshHA] A&

Table 1. The molecular weight of the active ingredient in
purified bee venom.

Classification Ingredient Molecular weight

Phospholipase A2, B <13 KDa

Hyaluronidase 38 KDa

Enzyme Phosphatase 50-160 KDa

a-Glucosidase 51 KDa

Melittin 2.8 KDa

Apamin 2.0 KDa

MCD peptide 2.6 KDa

. Procamine, Pamine 0.4 KDa

Peptide Minimine <6.0 KDa

Adolapine 11.5 KDa

Protease inhibitor 9.0 KDa

Fertiapine <3.0 KDa

Histamine 0.12 KDa

) ) Dopamine 0.15 KDa

Active amines Noradrenalin 0.17 KDa

and amino acids . . .

Aminobutyric acid

0.18 KDa

a-amino acids

Nl

o2
W

o, rr

(e}

2 g L
£ fo o
2 Hu
o

r
_O‘L
>
w

oo U o o

ofr
on
£
i
o
o
M
1
of
on
407

23. EEOI

At F =L =9 78
20,3040 psiz =S 77 o
¥ &4xx3aL HPLCE ©]
ok

SSME ME BN

%-52] apamin, PLA,, melittin g 5412 $13l waters

9] HPLC system= ©]83+512 ™. columne
o] T4 2 0.2% TFA water(A)

25°CE AA3A .

L=

=

2} 0.22% TFA acetonitrile(B)E 100:0 H] &= A] 2}
ated 2087F AA13] 50:5002 Euiu] &S MEAR]

3 3087 AA3] g

Atk 1.0 mL/mine]

100-0 Hl&2 H3AA ALE
A8 UV 220 nm

oA =43 e, HPLC -2 AE Table 29 &
ka3l
BAE=(PBV)S] el 37K 8 FaAE<
apamin, PLA,, melittin®] X ZEZ < apamin(0.5mg,
=X > 99.5%), phospholipase A,(1 mg, == >90.72%),

melittin (5 mg, <

TE 292.0%)S T/ 10 mLol &3]

A1 20, 30, 40 mLA S =H 3l A8 TEE
1.0 mgmLE A &3] e ZA3le I HAGH

B0 AT,

A7 e] ZF A& 3FEFS standard®] calibration curve
o} Z+ B A S =St of A (DS F

Adslm=Es 100

FEEEEEEE

AA 27 F(mg)
(D

Table 2. Quantitative analysis conditions of purified bee venom

using HPLC

Pump
Detector
Autosampler
Column

Instrument

Waters 1525 p binary HPLC pump
Waters 486 detector

Waters 717 plus

Phenomenex Jupiter 4u proteo 90A

Mobile phase

A: 0.2% TFA in water
B: 0.22% TFA in acetonitrile

UV absorbance 220 nm
Column temperature 25 °C
Injection volume 20 puL
Folw rate 1.0 mL/min
min A(%) B(%)
. Ini. 100 0
Gradient 20 50 50
50 100 0
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Table 3. Staking gel and separating gel composition for SDS-PAGE.

20% separating gel

5% staking gel

DW 700 pL

30% acrylamide mix 6.6 mL
1.5M Tris-HCI (pH8.8) 2.5 mL
10% SDS 100 pL
10% APS 100 pL
TEMED 4L

DW 3.4 mL

30% acrylamide mix 830 uL
1.0M Tris-HCI (pH8.8) 630 pL
10% SDS 50 uL
10% APS 50 uL
TEMED 5puL

2.4 SDS-PAGE Patten

Laemmli®] SDS-PAGE % (1970)*’2 o] &3l 2
], 20%9] gel 24S Y= IAE glass plateo] <F
100mL BE B35 & FJ S w57 98 £
1~2 mLA = {73} separating gelS 3] 3L, 9l

F3 B2 A|ASIL staking gel FAAE F S mL &
®F 7 gel°] 27] el combs 79 &3]3 staking
gel7HA] 22 combZ A 7 3te] SDS PAGE gel
AT (Table 3).

SDS PAGEZ #<lstzx sle B33 sample
buffer (Laemmli 2x Concentrate, sigma, S3401)Z 1:1
H &2 &3}, 90 °C2] water bathol| A 5% &<t
ZEAIZITE Gel®] comboll marker 5 uL, sample 30 pL
A loading3t’, gelS SDS PAGE &=l 7194 running
buffer (25 mM Tris, 192 mM <&2]4], 0.1% SDS, pH
83)2 A YFAt). SDS PAGE power supply = 3}o]
staking geloll A4l 60VE F 30 mins <t 25 A7) 2L
separating gelll A1 120VEZ <F 60-90 ming <t 7“5/\]
Itk A8 AJE-2 power supplydllA S = A
2 wa gelolA] B WE B9, coomassie
brilliant bule G-250 ¥ 5.¢} destaining solution®. Z ¢
A T bandE ERIEt] B5o] YHET] fFHE

TTEE
A<l hyaluronidase, PLA,%5 <] E&o] £ HAEA
gl
3.8 o

BAE =] F8 FrARAE?L apamin, PLA,, melittin
sl e ASs] fal A
A& 20, 30, 40 uLE loadingd}e] AZrIELH
(Fzg. l)aJr calibration curve(XZ: amout, Y= Peak area)
(Fig. 2)§_ A AT
AR B9 $E) F2 370 FEAR
9] v FEA]ZH(apamin: 10.7 min, PLA,: 16.4 min,

1.00

AU

0.50— "

0.00—

I T T T T
10.00 15.00 20.00 25.00
Minutes

Fig. 1. Chromatogram of standard. A: apamin B: phospholipase
A, C: melittin

melittin: 21.9 min)®*3} peakE 13t Ao A
< el (Fig ).

A %L apamin, PLA,, melittin z}z}e] &
] peak A HE A&t AlLFSIA Al
o] g3l T HI=E HAFAH

Apamin®] A#AF(R2)E 1.000022 & F2F

02 HAX PLA, melittin®] A$% A#AF(R2)
7} 0.9999, 0.9994% =& Fo4FFS EAH(Fig 2).

e
oX,

4y 0
i o

42 CIYst =201 ME fEdEe Hsl

€3t% 10 mgmL, 2 mg/mL, 1 mg/mL
Fo] Tro wFo] Q) BE=HS oty BRI
At (cut off size)S E2lste] el el TAAx
T Agigdo] Hd5E HPLCE ©| 831 s Z43)
9t 2 A3} phospholipase A2l 73-%- 5,000 Dalton,
10,000 Daltonoll A A A 7} ¥ 912 30,000 Dalton®ll
AMe AA =HA Utk ol PLAS w#AFo
13,000 Dalton®.Z 5,000 Dalton, 10,000 Dalton®] H]
3 cut-off pore sizeZ} 2 30,000 Daltonol| Al £773]
AAA B3 F FE2H7] fESE By T
Ao wet A T5S 52U FEHY sx dH
f1o] 30 psioll A gFako] W2 20 psi, 40 psidllA =L
dA3 HES BEAHFig 3). ¥ FFS HQ

F

l

¢
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Calibration Plot Calibration Plot
6. Y=243E4X+7.94E3 Y=3.34E4X-9.13E4
1.0x10 7 R¥*1.00000 . 4 R:’0.9999917
3 : . 1x10%
< 5 Z
% 5.0x10% x
& ] &
00 ]
] ]
0.00 10.00 20.00 30.00 40.00 0.00 10.00 20.00 30.00 40.00
Amount Amount
() Calibration Plot (b)
4 Y=249E5X- 7.44E4
1.0x 107i R¥0.999475
g 1
2 1
x 5.0x108
& ]
0.0
B T T LI I R R I LI L B |
0.00 10.00 20.00 30.00 40.00
Amount
(©
Fig. 2. Calibration curve of standard. A: Apamin B: Phospholipase A, C: Melittin
15 —e— PLA2 120 —&— Apamin
100 e - =
10 —t
g \5 80 ‘/A—A
£ E 0 Aad
\/ \/ ‘.
. e o
20
-5 — 0 ;
resesn [2]212]=l=]5[=l2l5]Rl= 5 |=l=]s(=]=ls =]l = =I]s]= ressuet [2l215[alEle]Rl2lS Rl R =l R Rl sle e s Rl s Rl
Cut-offsize | 5KDa | 10KDa | 30KDa | 5KDa | 10KDa | 30KDa | SKDa ImKDalsol(Da Cur-off size | SKDa | 10KDa| 30KDa| 5KDa | 10KDa| 30KDa| 5KDa | 10KDa| 30KDa
concentration 1g/100ml 1g/500ml 1g/1L concentration 1g/100m1 1g/500m1

Fig. 3. Change the content of PLA,.

30 psi®] A 7o wHkEEoA 20 psi BTF =& ¢t
g9l 30 psis 715 =
= TREFEAY )

Fo =2 Holt}

30psi o} =2 40psiE 715 2 A9 Ige =
Q1% FAFEO] Ho] 30psi Brh ES FFo vheh
o]

LA R membrane filter®] %8S 954171 220
Hrh

Apamin®] 7% thge 79| Mt A=
(PBV)] $H-&(22-3%) #F215131 214 5,000 Dalton®]
Al ATt SEATE BHEe SR 7
=L B985 Bl 10 mgmLo A= 80%1 o &
YElst . 10,000 Dalton, 30,000 Dalton®] A& 5,000
Dalton®l] H]3}| cut-off pore size”} Z7] W&ol 95%0°]
de] B2 TS HATH(Fig 4).

TEoAM 7 aAAQ A2 melittine 5,000
Dalton 3] 3& 2} 2 2] membrane filterS AF-E-31-S o

F
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1g/1L

Fig. 4. passing rate of Apamin.

80

60

—&— Melittin

* ’\/‘
s ‘\/
3 40
§ \\ P
20
\* '\»4
o 1% .
rressureesi 1212|2121 2[ 2l 2[0]2] 2] lele|s ]|l sl |s] 2l
Cut-off size | 5KDa | 10KDa | 30KDa | 5KDa | 10KDa | 30KDa| 5KDa | 10KDa | 30KDa
i 1g/100ml 1g/500ml 1g/1L

Fig. 5. Change the content of Melittin.

PEle) Bt ot
B, gEo] gaAE

=
woz v
Fol Z7hstee

20 psiE

5 o] SHUHARE 314
& FEFol BAEF
T} 10,000 Dalton| A= =
1} 30,000 Dalton
e T=7t E&TE Fo] FT/HES KA

£ 7RIS W MY =2



282 Ji-yeon Lee, Il Kwang Kim, Jong Soo Lee, Eui Kyung Kim and Choul-Goo Kim

ot
tlo

H S =dl(Fig. 5) phospholipase Ay} wFZH7HA]
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4.3. Chromatography= OI%?_P MEE0I

Fig. 3, Fig. 58 %38 & & %] 20psie] 4o
Z 10 mg/mLe] FX°l4 30,000 Dalton membrane
filterE A3 B¢ o8 7HX] 27 FolAM= 7 =
2 melittin®] %< e 14| ¥F phospholipase A,7F
28] AAEA] Bl 2% olst T3ttt 20 psi®]
HOoZ ImgmLe F%X°14 10,000 Dalton membrane
filtlerE AF&3 9ol Img/mLel FXA 10,000
Dalton membrane filterS AF&-¢F 27l B3l melittin
shaFo] 3% ko 1} phospholipase A,7F A A = 912

0.004

1000 1100 1200 1300 1400 1500 1suu 1700 1800 1900 2000 2100 2200

Fig. 6. A chemical analysis using HPLC. (A: Purified bee
venom B: 10 mg/mL, 20 psi, 30,000 Dalton C: 1 mg/
mL, 20 psi, 10,000 Dalton)

Marker Blank  PBV A B

STDApa  STDPLA2 STDMel

75 ——
so

e

20 —
15

Fig. 7. A chemical analysis using HPLC. (A: 1mg/mL, 20 psi,
10,000 Dalton B: 10 mg/mL, 20 psi, 30,000 Dalton C:
Purified bee venom)

< & 5 Aoy o|2 HPLCS SDS-PAGEE %3l
ol sk vH(Fig. 6, Fig. 7).

oM ABRrtEIRS S &2 F8 37 &
BAEY ME-EA] 7 apamin: 10.7 min, PLA,: 16.4 min,
melittin: 21.9 min)?} peaksS <1t A3 E Hlgo =
PLA,2] HFEAIZF 16.4 minol A 20 psi ¢4&H S 7
52 10 mg/mL F=°A 30, 000 Dalton filterE A}
83 Z27A AABFol v]3] w2 PLA, peaks &
AT 4 AR 20psi HEES 7HEIFAL 1 mg/mL F
oA 10,000 Dalton filter *]’ 3 Z A A E PLA,
peak’} YEPUA] 35S gt B3 F 20 B
59 FEE AL

<]

% melittinZ} apamin 7 A 5-
Aers & F AUtk

SDS-PAGEE ©]&3 A% 59 2 374 fr&
AAE9] standarde} A E-=, F 7HA] 2H4S A v
23S W HPLCSF PR7EAIZ 20 psi &S 714l
F 3 10 mg/mL &=°1A 30,000 Dalton filterS A}-&
St 7oA A B-Eo) Hs] €2 PLA, bandE &
A = AATE 20 psi FHE 7HEIFAL 1 mgmL F
oA 10,000 Dalton filter AF-&3F Z A A= PLA,
band”7} WERA] 958 E18kA T
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o o Mz

4

,000 Dalton, 10,000 Dalton, 30,000 Dalton®.Z 2
st gFelod 7o) AlgkE = Y= (75 psi) filter
. TRE ALE sk sHE S 20, 30, 40 psiz A
Regieh. 44 A8E Fatol tEol Erku o4 &
o gL VehlA gee FAT & Yok FAS
5% 59 F899 A 1 mymL Bk AEeE 9
9 9] HlFo] Bolx 54 735_/\101]
ol Lol WAEA HI 10 mgmL OO E FEE
7} L7} Zolx duwAoe] AAEE
AN ild A7 718 Agom EAge] 2717t

ol el W&ol 1 mg/mL, 2 mg/mL,
2 A% ’5‘}933}.

Al

F3l PL A7t A AE L
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AAB-=2] apamina} melittin $3H(50-60%)°] H] 523
Z7(20 psie] FHEEZ 1 mg/mLe] F=A] 10,000
Dalton "HEEIE A 270)S 2HE 4 QASiTh

ot

18971 201298 <
177N EAg o] A PSS v} 3 E e 7]
& Wo} o] FojH
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