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Development of Egg Yolk Antibody Specific to the Pancreatic Lipase Domain for Anti-Obesity. Woo,
Seung Eun, Jin Hyuk Kwon, Si Yong Yang, Hyun Ju Park', and Hyung Kwoun Kim"*. Life Sciences
Research Center, DAN Biotech, Cheonan 330-834, Korea, Department of Biotechnology, the Catholic Univer-
sity of Korea, Bucheon 420-743, Korea — Human pancreatic lipase is a digestive enzyme which is synthesized
in pancreas, secreted into small intestine, and there hydrolyze the fat in food. Pancreatic lipase protein com-
poses of catalytic domain and colipase-binding domain. In this research, the gene segments corresponding to
total protein, catalytic domain, and colipase-binding domain were cloned by PCR method, inserted into an
expression vector, and then used to transform Escherichia coli BL21 (DE3). The recombinant proteins pro-
duced were purified and injected intramuscularly three times into laying hens. The egg yolk antibodies (IgY)
were obtained from the egg yolks and tested for their antibody titer. Among three IgY, the IgY against coli-
pase-binding domain showed the highest antibody titer. All three IgY had inhibitory effects on the porcine
pancreatic lipase. Among them, the IgY against colipase-binding domain showed the highest inhibition
effects. The fat diet with corn oil and IgY was administrated to the experimental rats and their blood composi-
tions were examined with time course. The triglyceride concentration of treated rats was decrease meaning-
fully when compared with those of control rats. This suggested that the IgY against colipase-binding domain

antigen inhibited pancreatic lipase in vivo.
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= FrEA Egt

3-8 (Immunoglubulin of egg yolk, IgY)aF 3k
of Az WAI2EL (IgGpelet. dubst 2471 gl 3
AFEE ZAVE 53 A I3kl 24k HdEd
& ApoA At =3 JAg AR ¥R A
= I8 8903 AgEt) o]23 EAL o]&d}e]
3oz HE] Eo)3hA) (specific antibody)E 4-& 9 UH21].
3 Foll BRI IgYe THF 1gG A9 ¢844 o
o AR 4 A FolllA Al Relri] FylA o
45y, $Edy o AW g S8 o), dAEH
AET Rl -S4 9eHs]

wEbA B dTe AR A% sjulelale) B4 mdaTE
off W3t So] ABIYAF ALl A (in vitro) H A
A (in vivoyll X ztelA] &4 AA| BIHE FHFs1AL ¥
TrAAA 2] AE sFeAE EAFSRAIAL Aljlslgic.

e 4y

oF, Effanils ¥ eft=xEA

A FE T U RN E Al el gelA] Ak
(6-1-A-D04, pINCY)E F43Vdv}. Escherichia coli BL21
(DE3) & A 2% A whsle) <32 Escherichia coli
XL1 BlueZ AxF STan|=0] By <52 AMsld T,
pGEM T ¥¥]2} pET-22 el S F2Y |9} 43 e
2 2zt AMgslsic). 343 E coli BL2I(DE3): Luris-
Bertani Wi#|(10 g/ ERJE, 5 ¢/l ERFEE, S/ 93t
EF) oM =R 100 ug/mlg 71 F, 18°CelA wl
Fatelet. Ay d9Ae) B8-S 5] slsA w6l
o]z 2 g 8.D-X] e 2=t Ev| gl A] =(thiogalactopyranoside
isopropyl-f-D-thiogalactopyranoside, IPTG)YE #$%5=7} 1
mMe] ==& H7psiedct.

we Z3lane 2=

At Al stolA] -0 AH6-1-A-D04, PINCY)E F
DNAZ A3l PCRE 3)8}9it}. PCRel Ap83F Zglo]
i o3 2o A4 EafelA] A akelr] HsiA
Total-lipase F(F1, 5~TAGACATATGCTGCCACTTTGGACT-
3)%} Total-lipase R(R1, 5-TACAAGCTTACACGGIGIG-
AGGGTGAG-3Y& AHg31s] o, SvigAl erllqlS AJAks)
7] $)844] Catalytic-domain F(F1, 5-AGACATATGCTGC-
CACTTTGGACT-3)¢} Catalytic-domain R(R2, 5-GCC-
AAGCTTTGCAAAATTACTGGCATC-3)& A3}, =
2lgtebd] A g=m Q1S AALEE7] $l8A] Colipase-binding-
domain F(F2, 5-CTCCATATGCGTTGGAGGTATAAGGTA-
399t Colipase-binding-domain R(RI, 5'"TACAAGCTTACA-
CGGTGTGAGGGIGAG-3) & AM&:5}8icd,

PCR HF&-E712 vg3 zc}h 27] DNAMALE 95°Ce)

A 582 aEla WA (95°C, 1), ¥AEI°C, 13, #A
HEE(72°C, 13% 303 HHEsisie) nhA ke = 72°CelA
1087} PAE-S Sasiodeh. A719%8 B3iM PCR 2
29 23 FAH 371% DNAS =27)9) vt B8l
AxyPrep DNA gel extraction kit(Axygen Scientific, Inc.,
Union City, CAYS AH-3}e] 3714 DNAZ A =24 72
F23)90}h pGEM THEIE AH4-3le] 37}%] DNAE 27}
F3293) F, Ndel¥?} Hindlll AZEALZ H2sle] pET22b
o] 17 Z2RE| F9] MBrE2 3.

Mzt cleiRiol dhsd

Az 3E5e) A2 Tepav| =2 22 E coli BL21
(DE3) ol 323 A)71 F 200 mLa)Alel] HF3led 18°C
ol 4] wieFslAet. FRE(600 nmy} 0.52 Z7HE H7kx] A
ehil}9F71(230 rpm) oA wieFst &, IPTGE #|F 5571 1
mMe] HEF Arist, 2047 St DEF-u ke 53
stgc). wioFa-& AEE](5,000xg, 108) 3t FAE =
< F, JAREEN (10 mM, pH7.5) 5mLE B3 &
g3 748 2592aHS B9 F48 F ddEE
(10,000xg, 108)E B3] AEFZN} PAES 27 I
o AAES Y F (S mL)e FFH5] desle ARE3)
Aet.

=g cHfEel HA 9 24

Az Ae] codtol] 9E¥ His-tagd ©]83le &
2 RAAE 530519 Ni-NTA 2% (QIAGEN Inc., Valencia,
CA)E 50 mM °]n[t}E (imidazole)e] F3E JZRIEF (300
mM NaCl), QJAR}EF(50 mM, pH 8.0, NaH,POy) 3-8
doz HYsgt F A EFEAE FYsl FYEAe=
RolFr}, o] Fel 200mM oln|clEe] E3E LA S ALS
sted 3ol A= gl Axg dde 453

Sl FEE A FAYFNE FFIYAE A3l
Bradford protein assay kit(Bio-Rad Laboratories, Hercules,
CAYE o443l 3315t

SDS-PAGE A7]43%2 12%9] ol=olu|= Az} Erja
F#4] £ (Tris-glycine buffer, 1.5 M, pH 8.8)& A3}
of £83l9ict MEFEH JHEFLNE 742 20w
Agste] A7199%-S SEstd L YA 2 Coomassie
Brilliant BlueE AM&-81ic},

MEA Hy

FEAE AAlsl7] 918 28539 ISA-brownHlF AR
Al W& AxEAS. el AAE 2lstelA] A
il Zofgdeelgl, Zejsteld] AgEAlS 242 100
pg/mL ¥%=7} ¥ =5 PBS(phosphate buffered saline)E 3]
A& ¥, Freund’s complete adjuvant(Sigma-aldrich Inc.
St. Louis, MO)¢t 55502 EJ/-3sley mYY S A x5}

s



ek, A3 1 mlLE AL Fol 025 mLA 43l 2
4 shgl o, FAES 13 AE F 25 1Fe=
Freund’s incomplete adjuvant(Sigma-aldrich Inc, St. Louis,

MO) & F33led 1A AFst Tt o= F 23] AlA
et 3ﬂ |y F *P?M"l oA AL A st

o g5
o A %ﬂ‘ﬁ‘:‘r.

FE%em, W v Adste] 8°C AeAl

HEeH Be
gl AlebA 2 5E Azisl 2Ry 584 EkEla)
(water soluble IgY fraction, WSF)& #elsjgich[7]. midsh

o] S Helsled TR 100 A pH5002 F
A3} oy 20°CelA FAR g ALl s EARl F, 400
A 0-&—1 AAE21(10,000xg) Ehod AEelE 3)5pate] of
e

o
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Az PUAFIEE HBdslo] I S84 IR
¥ A WAUA PALE 457 919 BLISA
(Enzyme-Linked Immunosorbent Assay)® Al A3t
MicrotestIll flexible assay plate(Falcon 3911, BD Biosci-
encesill Al 5] A5} 45 wlAEL] 381 (Salmonella
typhymurium, Helicobacter pylori, E. coli K88, recombinant
human rotavirus)& AE-F8AFE 8- (carbonate-bicar-
bonate buffer, pH 96)9_1 5 ug/mLe] X2 343
ZH2 100 LB 28] 4°Col A 1847 Bt Fsheict.
PBST £-94(0.02M NaH,POs, 0.13M NaCl, 0.05% Tween
20, pH72)2.2 M3 3 F 3% BSA £ (bovine serum
albumin, PBS, pH7.3)& 247t 175 uLA £-53}ed 25°Ce]|
A 2217k F]E B27)819l0) 3% BSA/PBS St A& 4
AE FHOE AL LA E o] fated ngdd JEEHA
gk 71N BE] $84 FERAE AR R 3]
Zpzh B F, 37°Cel M 2A17F St v-AIA . 27} 8
A2 alkaline phosphatase conjugated rabbit anti-chicken
1gGE 50004 B}AMs}ed 37°Cel| A 247k %"& HRAIZH.
ZF Hbg F8 AL AE g e g B0l BEE 53] AlAslgch
7dgd o2 pEZ L 1l'(p—rutrophenyl phosphate)
£ %9 0.5mM Favldge] 28F 10% Holj A el
(pH 9.8)8-0& ALg3}ed 37°Cel|A] 208 F4t HFE-E 423)
et S M PABREFS ARSSte] RS ARAAIR F,
ELISA reader(EL-800, BIO-TEK Instrument Inc.)E ] %
stod 405 nmell M FREF A 3he] A3

2lmotd| &4 Mall AlE

AAHE iAol ojsl #ulolA|o} LA A& HAF oF
o}lX 7] ¢l 3471z el p-nitrophenyt Caproate(pNPC C6)
& o83k gujopAle] L HAsYL} S HE
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wlme] 4 dskakal o) Hx] g elslelAlel] gl a8
2] JAE AsRIT 0.5 mgmL FE 3AE 7
ek e} 3 U/mLe] A4 21514 (Sigma-aldrich Inc. St
Louis, MOYE 5% &35 §, 37°CellM 1417 whgsled Hb
e o2 ARgsidct, PAVAE AT B 84 54
< 2w} o] SEisigih, 71A B3 10 mM pNPCe}
oﬂ E2 2 50 mM E#] -G A 4o (Tris-HCL, pH 8.0)%
10:40:950¢] 3] BIERE Hof & | mLE AN o] &
ghelol) ukgo 5uLE B33l 35°CAHA 3R M4l
T Fukeel M AAE pHERS B kS st
AR 405 nmell M FFEE ATl Aot 585
T35 zhe pUERSES of) Aj7ke R 3Hlsle] UmL
2 o9 It

AMAIE

AAEE AAE] f18l 7 582 51 Sprague-Dawley
(SD) rat 147215 FA8ke] AR RS AR Alol#]
of AAM = Hejste] ALSsIs). elstelA] A3 84 Al
AT whel AEE Felvlobd] AgEwl|eled dg &
A dEEbA xEld)e viE g A R (RS E
0.5%(wiv) 357} Hl28 2o, IS aty, Al
(cholic acidyell BiA 1A A gL Az3led 1 mLA 74+

colipase-binding .<
domain

Catalytic <

domain

-

Fig. 1. Three-dimensional structure of human pancreatic
lipase. The schematic protein structure was redrawn based on the
original crystal structure of human pancreatic lipase (PDB ID:
IN8S) [24] using Cn3D program. N-terminal catalytic domain has
a typical o/p hydrolase fold and C-terminal colipase-binding
domain contains a double B-sheet fold. o-Helices and B-strands are
represented as cylinders and broad arrows, respectively.
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TR AT Fol F, 22 A= el el A A
& AABl ¥4 Rl F, SAAAL & S aEE,
HDL-Z| 26 E, LDL-Z 28 E5 S35 Aol A
T JAESE S

e

A

#2 ¥ 0#

ARt & 2lojold| £ojel {NAF 22y

Ao FA Blalold] EaE A ESe] Z3hE A|uke]
7l s el oA =elleld TEAl (bile salt)
&) AR AR ZellobA (colipase) HiFTr| el
2 A ghgel RusgivhFig. D14, 6, 11, 22]. ¥
QA7olME AF BlgtelAlel W3t A YA U
2 AA 2lgiolA] TRt ohe) Zul gy xujels}
Fejgleld] AgEwelS A2 AA s}

Abgte] Al elafold] fale] A7IME S 2AF BAE

F1

AH14], AA FHA= 139809 FEEeEl=2 T
o} glom], Auky- 1059719 2 eE|=r) S v
S Isla MY 336709 HEEl Bl =r} FelsiolA)
Agereld Qs AR WHFTHFg. 2). ¥ A7
A b A7 2lgelA ke AR g ] 7)est
A Zelolv] #L o]83led PCRE FAFLEH, 47}
1395, 1059, 33671¢) wZa LEl=2 TA% DNA 27h&
Azslgdeh AlEE DNA 222 2447} pGEM T HEje] =1
7 F2EIL o] Fol| HEME]Q] pET22 W] HEER
3.

Al MIE 2loold £ojol chEol MMt B2

A AzE A Az Fekew|=F ARSI E. coli
BL21 (DE3)Z 3jAAZSLL 18°ColA wikslaA IPTGE
Ahgsled Azgbyde] My S Gxslglel. SDS-PAGEE:
M A chijale] oS BAat A, elsteld] A

1 ATGCTGCCAC TTTGGACTCT TTCACTGCTG CTGGGAGCAG TAGCAGGAAA AGAAGTTTGC
61  TACGAAAGAC TCGGCTGCTT CAGTGATGAC TCCCCATGGT CAGGAATTAC GGAAAGACCC
121 CTCCATATAT TGCCTTGGTC TCCAAAAGAT GTCAACACCC GCTTCCTCCT ATATACTAAT
181  GAGAACCCAA ACAACTTTCA AGAAGTTGCC GCAGATTCAT CAAGCATCAG TGGCTCCAAT
241 TTCAAAACAA ATAGAAAAAC TCGCTTTATT ATTCATGGAT TCATAGACAA GGGAGAAGAA
301 AACTGGCTGG CCAATGTGTG CAAGAATCIG TTCAAGGTGG AAAGTGTGAA CTGTATCTGT
361 GIGGACTGGA AAGGTGGCTC CCGAACTGGA TACACACAAG CCTCGCAGAA CATCAGGATC
421  GTGGGAGCAG AAGTGGCATA TTTTGTTGAA TTTCTTCAGT CGGCGTTOGG TTACTCACCT
481  TCCAATGTGC ATGTCATTGG CCACAGCCTG GGTGCCCACG CTGCTGGGGA GGCTGGAAGG
541  AGAACCAATG GGACCATTGG ACGCATCACA GGGTTGGACC CAGCAGAACC TTGCTTTCAG
601  GGCACACCTG AATTAGTCCG ATTGGACCCC AGCGATGCCA AATTTGTGGA TGTAATTCAC
661  ACGGATGGTG CCCCCATAGT CCCCAATTTG GGGTTTGGAA TGAGCCAAGT CGTGGGCCAC
721 CTAGATTTCT TTCCAAATGG AGGAGTGGAA ATGCCTGGAT GTAAAAAGAA CATTCICICT
781  CAGATTGTGG ACATAGACGG AATCTGGGAA GGGACTCGAG ACTTTGCGGC CTGTAATCAC
841  TTAAGAAGCT ACAAATATTA CACTGATAGC ATCGTCAACC CTGATGGCTT TGCTGGATTC
901  CCCTGTGCCT CTTACAACGT CTTCACTGCA AACAAGTGTT TCCCTTGTCC AAGTGGAGGC
961  TGCCCACAGA TGGGTCACTA TGCTGATAGA TATCCTGGGA AAACAAATGA TGTGGGCCAG

1021

F2

AAATTTTATC TAGACACTGG TGATGCCAGT AATTTTGCAC GTTGGAGGTA TAAGGTATCT

1081
1141
1201
1261
1321
1381  ACCCTCACAC CGTGTTAG

R1

R2

GTCACACTGT CTGGAAAAAA GGTTACAGGA CACATACTAG TTTCTTTGIT CGGAAATAAA
GGAAACTCTA AGCAGTATGA AATTTTCAAG GGCACTCTCA AACCAGATAG TACTCATTCC
AATGAATTTG ACTCAGATGT ‘GGATGTTGGG GACTTGCAGA TGGTTAAATT TATTTGGTAT
AACAATGTGA TCAACCCAAC TTTACCTAGA GTGGGAGCAT CCAAGATTAT AGTGGAGACA
AATGTTGGAA AACAGTTCAA CTTCTGTAGT CCAGAAACCG TCAGGGAGGA AGTTCTGLTC

Fig. 2. Nucleotide sequence of human pancreatic lipase gene, The nucleotide sequence (1,398 bases) encoding human pancreatic lipase
gene (GenBank ID, NM_000936) is presented. Primer F1 and R1 indicate total lipase forward and reverse primers, respectively. Primer F2
indicate colipase-binding domain forward primer and primer R2 indicate catalytic domain reverse primer.
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Fig. 3. SDS-PAGE analysis of total lipase, catalytic domain,
and colipase-binding domain. Lane 1 indicates molecular mass
standard. Lane 2 and 3 indicate soluble and insoluble fraction of E.
coli cells containing total lipase gene. Lane 4 and 5 indicate those
of E. coli cells containing catalytic domain gene. Lane 6 and 7
indicate those of E. coli cells containing colipase-binding domain
gene. Lane 8 indicates the purified colipase-binding domain. S,
soluble fraction; P, insoluble fraction.

Ay ©F 51.2 kDa), S84 =m0l @F 38.8 kDa), 2
solal] ZAHwrQl(@F 12.3 kDayl s 2)2gh bzl
< & 4 v Fig. 3). A Az faa
(S E4AEE (PR 25 faEglen, 53, 3E
Stold] Agkmrgle] vhe 271x] whlale] wlsiA] digke s
A 7S Felsked,

A A Zejslolx] AgEwele] 7% Ni-NTA A
HE o[ 83led oA EE RN b Helg 4 9l
AUetFig. 3). Egolal HAchy s} S g vy A
ol B84 PR s Aakg) Foll Jevhya
A AHgskdT

Table 1. Specificity of antibodies immunized with recombinant
protein.

Adhesive Egg yolk antibody against

antigen  Normal H A C
H - +++ ++ ++
A - ++ +++ +
C - ++ + +++
ST - - - -
HP - - - -
K88 - - - -
rRota - - - -

Egg yolk antibodies were diluted to 1:50,000 ~ 1:1,000,000. Nor-
mal, non-immunized egg yolk antibody; H, IgY against recombi-
nant total lipase; A, IgY against recombinant catalytic domain; C,
IgY against recombinant colipase-binding domain; ST, Salmonella
typhimurium; HP, Helicobacter pylori; K88, E. coli K88; rRota,
recombinant human rotavirus protein, Range of titer: -, below
50,000; +, 100,000 ~ 500,000; ++, 500,000 ~ 1,000,000; +++, over
1,000,000.
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8,000 -
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6,000

5,000 -

GMT (x1073)

4,000

3,000 -

2,000 -

1,000

H A C

Fig. 4. Antibody response in the egg yolk (water soluble frac-
tion) powder of chicken intramuscularly immunized with
recombinant protein. H, IgY against recombinant total lipase; A,
IgY against recombinant catalytic domain; C, IgY against recom-
binant colipase-binding domain. Chicken were immunized with
different protein on Day 0, Day 14, and Day 28. Chicken egg yolk
were gathered 28 days after the last injection and tested for the
presence of recombinant protein-specific IgY. Results are repre-
sented as the geometric mean titer (GMT).
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kel fagl elstolAlel Al gk elufoba] AA A,
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slod YA 84 HERPE(WSER] A7 S S slarat
stodet. eAle] BolAdg ARy #fs EvlE Al R4
gl o 2 ol B0 ) (Salmonella typhymurium, Heli-
cobacter pylori, E. coli K88, recombinant human rotavirus)
+ IR F Al A BET 4 84 FERA e vd
o} gl ol gt ELISAE AlA|8}siek(Table 1). ¥]H Y
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Fig. 5. Inhibition of lipase activity with egg yolk IgY. Porcine
pancreatic lipase was incubated with egg yolk IgY and then the
residual activity was assayed by pNPC-spectrophotometric
method. Vertical axis means relative inhibition activity. 100%
value means a complete inhibition and 0% value no inhibition. PL,
IgY against porcine lipase; H, IgY against recombinant total
lipase; A, IgY against recombinant catalytic domain; C, IgY
against recombinant colipase-binding domain; N-control, non-
immunized IgY.

A3 2istolAle] pNPC R8-S 24519t lgfolA] &
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Fig. 6. Developmental changes of triglyceride, cholesterol, HDL, and LDL in serum. Serum components were analyzed with time
course after oral administration of fat diet with corn oil and IgY. Closed circles (@) mean oral administration of corn oil mixed with nor-
mal IgY. Open circles (O) mean oral administration of corn oil mixed with IgY immunized against recombinant colipase-binding domain.
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