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Summary

I. Subject

Development of discrimination of native and foreign bee honey by molecular

biological methods
II. Aim and necessity for research development
1. Aim for research development

@D It is aim that recovery of trust in agricultural and stock farm products which
lost the trust socially through developing new quality evaluation technology.

@ Completion by quick and exact native honey determination producing artificial
protein, which has same molecular weight with honey specific protein.

@ Complement for quality determination by antibody using test wether increase

of quantity is added in honey.
2. Necessity if research development
1) Technical sides

(D Existing methods for honey ingredient analysis need lots of time and money
and it is impossible that distinguish between native and foreign bee honey.

@ Novel method development by our researcher makes possible to distinguish
between native and foreign bee honey effectively, but partial reform is needed
to improve accuracy.

@ Immunoassay method is necessary as a one of method for quick and mass

treatment besides the method based on protein analysis.



2) Economic and industrial sides

@ In order to recover the trust in agricultural product socially issued,
development of new quality determining technology is needed.

@ Effective determination technology is required to confirm the quality of honey
follow the need for development local produce of honey.

@ Enlargement of demand for honey and contribution of profit increase by

recovering the trust about honey.

3) Social and cultural side

D Credit society construction by improving trust about our agricultural products.

@ Solution to a sense of alienation through income increase in farm.

IMl. Research development contents and range

Following research was performed in first year research

1) DNA recombination and release to artificial marker protein production for
SDS-PAGE

(D Making artificial protein having same molecular weight with honey major
proteins (setting up the model).
- Synthesis of artificial protein DNA.
- Plasmid preparation.

@ Secretion of marker protein in E. coli and confirmation of molecular

weight (setting up the model).
2) Making antibody for honey protein
(D Purification of native and foreign bee honey for the production of

antibody to the honey protein (setting up the model).
@ Making multiclonal antibody using rat (setting up the model).



@ Antibody purification (setting up the model).
@ Conduct of selectivity honey proteins (setting up the model).

In the 1st year of research, we confirmed the release of artificial protein in the
same molecular weight with major honey protein using E. coli to produce
artificial marker protein for SDS-PAGE. And we isolated and purified honey
major protein to make specific antibody for honey protein and analyzed the
sensitivity after making  antibody. In the second year research we set up

following plan and push up on research.

1) For SDS-PAGE mass production of artificial marker protein in E. coli and
purification
(D Mass release of marker protein in E. coli (setting up the model).
@ Mass production and purification of marker protein (setting up the
model).
@ Corroboration of SDS-PAGE diagnosis using artificial marker protein

(proving technology).

2) Quality determination standard using antibody
(D Examination of ELISA availability of multiclonal antibody and
establishment of quality examining standard (setting up the model).

@ Quick diagnosis development using antibody (proving technology).

IV. Research development results and proposal for research application

It is achieved successively that research of quick diagnosis development using
honey specific antibody and actual proof of SDS-PAGE diagnosis using artificial
marker protein planed in the 1st and 2nd year of this research. Because product
standardization and strict quality proof are needed to improve the quality of
honey, effective distinction should keep in food process through reflecting two

tools that we developed.
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1) A=

E.coli XL-1 Bluett=++ Stratagene (La Jolla, CA. USA)°l| A, pGEX vector+=
Amersham Pharmacia Biotech (Uppsala, Sweden)oll A, pHCE vector= Takara
Korea (A&, 3r)olA] F+43At. Ndel, Xba 1, EcoR1, Exo I, S1 nuclease,
Klenow mix, dNTP, T4 DNA ligaset= BM (Mannheim, Germany)°l4, Ampicillin
2 Sigma Chemical (St. Louis, MO. USA) oA F43A 2™ electrophoratoret
Model-491 Prep Cell € Bio-Rad (CA. USA) A|&ES o] &3ttt L whol AgsES

=FES Agsact

2) pGEX vectorg o] &3 AF vlA @@ A2}

Mycobacteria paratuberculosis 719 heat shock protein 65 (HSP 65)9] +%
FARE o] g3 (Fig. 2) Z+7 30kDay 33kDacll &3 %+ DNA fragmentE =%
A 7171 Y&l PGF1, PGR1 primer?}t PGF1, PGR2 primerS A 2tal i th(Table. 1).
Polymerase chain reaction (PCR)2 94Col A pre-cycle 2% % 94Tl A 18, 54T
ol 4 18 72Tl A 287+ 30cycle <=3 &t}

ZZA17] DNA fragmentZ 26kDa®] GST fusione 2zt pGEX vector?
multiple cloning site (MCS)ol A4 A1# 56kDa¥} 59kDa2] A zg v vz
HE A7) 7] 9f8kel pGEX vector?t %% DNA fragment (HSP30, HSP33)E EcoR
[ & A3l linear DNAZ AZFAATH Agtai=2 debdt vector= Calf intestine
alkaline phosphatase (CIAP)E & 3}o], vector A+A 9] self ligations A8 %
t}. CIAP A& 3t vector®}t insert DNA (HSP30, HSP33)S T4 DNA ligaseE o] &
lo] Ao A (4T, 16C) ligationdtHth. 154175 ¢t ligation 3F & electrophorater
Z o] 839 competent cell (E coli XL1-Blue)® transformation*] % t}. L-broth

(contained 100xg Ampicillin/ml) Z5E randomd}Al A% transformants?]
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Table 1. Bacterial strains, plasmids and primers used in this study

. Source or
Material Relevant features
reference
Bacteria
Used for general cloning
. SupE44 hsdR17 recAl endAl gyrA46 thi
E.coli XL-1 Blue . (28)
relAl lacF’ [proAB" 1aClg lacZ AM15 Tnl0
(tetr)]
Mycobacterium .
) Heat shock protein 65 (HSP65) (29)
paratuberculosis
Plasmids
pGEX-2T Glutathione S-transferase fusion vector (30-32)
pHCE IA (Ndel) HCE promotor (34)

Primers

PGF1

PGR1

PGR2

PHF1

PHR1

5 -GGGGAATTCACTTCGCAATGGCCAAG in this
AC-3’ HSP65 start codon (EcoR I) study

5 -GGGGAATTCCAGGGTGGACAGGGCCT
CG-3’ HSP33 (EcoR 1)

5 -GGGGAATTCCGGCAGCAGGTCCTTGA
C-3' HSP30 (EcoR 1)

5" -GGGCATATGTCCCCTATACTAGGTTA
T-3 GST start codon (Nde I)

5'-GGGTCTAGATCACAGGGTGGACAGGG
CCT-3' HSP33 (Xba I)
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1 ATCTTTGTGT GGGGACGGTG AGGCTCGGCT CTGTCGTCGC CCGACGGCAG CAGCCTGGTC
61 GTCCGTCGCG GCCAAGCACG CCGGCCAGGA CGTGTCATCC CCAATCCGGA GGAATCACTT < PGF1l
121 CGCAATGGCC AAGACAATTG CGTACGACGA AGAGGCCCGT CGCGGCCTCG AGCGGGGGCT
181 CAACGCCCTC GCCGACGCGG TAAAGGTCAC GTTGGGCCCC AAGGGTCGCA ACGTCGTCCT
241 GGAGAAGAAG TGGGGTGCCC CCACGATCAC CAACGATGGT GTGTCCATCG CCAAGGAGAT
301 CGAGCTGGAC TACCCGTACG AGAAGATCGG CGCCGAGCTG GTCAAGGAAG TCGCCAAGAA
361 GACCGACGAC GTCGCCGGTG ACGGCACGAC GACGGCCACG GTGCTCGCCC AGGCGTTGGT
421 CCGCGAGGGC TCGCGCAACG TCGCGGCCGG CGCCAACCCG CTGGGTCTCA ACGGCGGCAT
481 CGAGAAGGCC GTCGAGAAGG TCACCGAGAC CCTGCTCAAG TCGGCCAAGG AGGTCGAGAC
541 CAAGGACCAG ATCGCTGCCA CCGCGGCCAT CTCCGCGGGC GACCAGTCGA TCGGCGACCT
601 GATCGCCGAG GCGATGGACA AGGTCGGCAA CGAGGGCGTC ATCACCGTCG AGGAGTCCAA
661 CACCTTCGGC CTGCAGCTCG AGCTCACCGA GGGTATGCGG TTCGACAAGG GTTACATCTC
721 GGGCTACTTC GTCACGGACG CCGAGCGTCA GGAAGCGGTC CTCGAGGACC CGTTCATCCT
781 GCTGGTCAGC TCCAAGGTCT CGACCGTCAA GGACCTGCTG CCGCTGCTGG  AGAAGGTCAT < PGR2
841 CCAGGCCGGC AAGCCGCTGC TGATCATCGC CGAGGACGTC GAGGGCGAGG CCCTGTCCAC < PGR1
901 CCTGGTCGTC AACAAGATCC GCGGCACCTT CAAGTCGGTG GCCGTCAAGG CGCCCGGCTT
961 CGGCGACCGC CGCAAGGCGA TGCTTCAGGA CATGGCCATC CTCACCGGCG GCCAGGTCAT
1021 CAGCGAAGAG GTCGGCCTGT CGCTGGAGAG CGCCGACATC TCGCTGCTCG GTAAGGCCCG

Figure 2. Nucleotide sequence of Mycobacterium paratuberculosis heat

shock protein 65 gene.
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plasmid DNA¢] &A1& &<l3slx, IPTG induction dt¢] SDS-PAGEZ E3}o] o9
215kt SDS-PAGE+= Laemmli(33)¢] ®iol] whel a3
molecular weight markeri= Bio-Rad (CA. USA)9] A& AF&3}A ).

4oy §TE 59

3) pHCE vectorE o] €3 ¢13F n#A gwad A%

pGEX vectordl cloning %9+ fusion DNA (GST::HSP30, GST::HSP33)&
ZEZA717] Y3t GST TFZ2FAA2] start codons ¥33+ forward primer
(PHF1)= A 239l ov) reverse primer+= HSP30 (PHR2)Z} HSP33 (PHR1) DNAA
Ao wmpxju} Fio] @Al A2 tH(Table. 1). PCRE 3 T3 % DNAE At
& Ndeld} Xba 1S A3ttt pHCE IA DNA+ XL1-bluedl transformation
3}o] plasmid DNAE F=3}9], Asta 4 Nde 13 Xba 12 HE3E F CIAP;‘QH

39t T4 DNA ligase® ligation 3+ % electrophorator® & A A3k 3%t}

AHAEA = ampicilling -3 L-brothell A wigst $ Al=3F A3 #hA ‘%HE@?J

U3 S SDS-PAGE=Z &H¢l&t 9Tt

4) A=z vA @ d o] A

o

EFwd dewd Axg dw v @nd A 255 247 ampicilling
3 L-brotholl A wjekdt & A2 (5000xg, 10%, 4C)ste] FAE AU T A
o Cell lysis buffer I (50mM Tris-HCl (pH 8.0), ImM EDTA, 100mM NaCl) 3m{
S #7Fe F 100mM PMSF 4409 10mg/ml lysozyme 80ul-& #7F8hal 37°C el Al
027 wx1etA k. Ieedol A 1087 sonicationdt & AAIEE (10,000xg, 15,
Tt AS5AE AAs A inclusion-body solubilization buffer I (50mM
Tris-HCl (pH 8.0), ImM EDTA (pH 8.0), 100mM NaCl, 8M urea, 0.IM PMSF)&
Imd H7tske] A2oA 1A17HEE BX8F T o] 7] inclusion-body solubilization
buffer I (50mM KH2POs (pH 10.7), ImM EDTA (pH 80), 50mM NaCl) 9ml &
H7bete] Aol A 303 WA F 6N HCIS o]-g3fo] wrg-olo] pHE 8002 K
A H AolA 1A EF FAEAT sl g 9ES Model 491 Prep
Cell (BIO-RAD, CA, USA)S o] &3t A start.

)
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1) A=

AT AR B AdE A9 EFE 12 3 S ESE 20 T
Al FeE 6 F, 8T o=t BE 4TAdA KystdA ol wel Ao A
Hste] Aol A&l rh. Goat anti-rat IgG-Horseradish Peroxidase (HRP)
conjugate, Freund's complete adjuvant, Freund's incomplete adjuvant,
2,2' —azino—di-2-ethyl-benzthiazoline sulphonate (ABTS)+= Sigma Chemical (St.
Louis, MO. USA)9|A], enhanced chemiluminescence (ECL) reagent, nitrocellulose
membrane, DEAE-Sepharose CL-6B+ Amersham Pharmacia Biotech (Uppsala,
Sweden)°l| A, Phenyl Toyopearl 650M- TOYO SODA MFG (Tokyo, Japan)ol A
Td8te] AF&3FTh. Luminometers Packard Instrument (Meriden, CT. USA)A}
A 7S AFESEA T A AARS 913 33 KP200 CD Rats ®lo] @A =9 2~ (7},

sz PE FYStAth 1 vl AokEe SHES FUse] A

2) B F2 dwAo] A

CL-6B column chromatographyE A&t o k542 Phenyl Toyopearl 650M
A

column chromatography & 2 Ao 98 @S A |55t
3) A9 B4

EZEY FEeEERYE AA"E 7z dwAS 4THdA PBS  (0.01M
Na:HPO,4, 0.002M KHyPO,, 0.14M NaCl, 0.003M KCI, pH 7.4)e] thal] 12417+ FA

sto] Z4z} 3mEd F ago® i 7592 CriBgi:CD(SD)IGS dFH o d3] &9
Mo AdeS 300ugl 2 dt9] Freund's complete adjuvant®} 1112 &3 38lo] B34}
3T F71HA Y e 25 A2 2 Freund's incomplete adjuvantE AF-g3to] 23] 2+

27



Table 2. Collection area of native bee honey and foreign bee honey

N
i ToT | 1R | bfo
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TR TR TR TR RN R e o | K | o Yo | o | =y | X7 RO |RO|RE B || E
il B e e e el el e P e I e R D D D L il i
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ol
Plo|lwlo|lclolaolololalolslv|lole|lo|olol=|alol<|vlo
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7&, 4T A 14417 H j]gs} KRS PAREEC) (IO,OOOXg, 10, 4°C)8}04 Gane 2og
A -70CoA BAEH A-&35H )

4) Western blot analysis

Towbin 5(35)¢] el we} d7|dso] ¥ EFE duldy FgE o

S nitrocellulose membraned] 65VolA 90& FoF AAL A7l 5 3% skim milkS

g3t PBSZ Aol A] 1A]3F blockingdt % th. 2L ¥ membranes 0.1% Tween 20

= $r3k PBSE AlHg & EFE duly Ao deE ol FAE A

1A REEAI A TE o] & Al AlF S $ PBSel 1:50,0000.2 $]4¢ anti-rat IgG

antibody-HRP & 9-& A -2o|A 1AIF §EEA L o] & thA] AlF e & ECLE o
187 B84 7 5 x-ray filmol| &AA3sF o).

5) Enzyme-Linked Immunosorbent Assay (ELISA) B2 53 A|#¥F9 #

10pg/ml7} = =% coating buffer (0.05M sodium carbonate buffer, pH 9.6)l
ol & A S 50 ELISA plateo] 53 & 4ToA] 12A17F5 <t coating 3+
t} o]= 0.1% Tween 202 &3k PBS 20002 33] A28t 1% bovine serum
albumin (BSA) 200ul%= 37ColA 1A7F&<t blocking Al At} Hkgo] #yd &
33 /‘ﬂﬂ“‘o‘}ﬂ AZFY FEgk FA S0uE Fa 37CoA 1AIZE WHEA AT ThA
33] A& 3 & PBSel 1:50,0002.% 3|43+ anti-rat IgG antibody-HRP &8 5040
H7psko] 37°ColAM 1417 REGAIZA T vhA] 33] AlHstar HRP 7149 ABTSE ¢l
(ABTS 0.22mg/ml, 0.03% H:0:, phosphate citrate buffer) 50 S Y11 20E37F LA
AlA - 405nmell A F3 %= #E FA8eY ECLE&YS  Zhetel @R gs

luminometer® =43 & X-ray filmol| @43t (Fig. 3).
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Figure 3. Process flow for antigen-antibody reaction.
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3. 2% 4 1%

ol

hoAF A BNAL o] EF EFE wEY

1) pGEX vectorE o] &3 Q¥ u# @9 A

EFHo Fao wwlAe =79l 56kDa¥ YEEo Fo ol =7]9l
59kDa®] Az A Aastr] 918te] (Fig. 4) Mycobacteria paratuberculosis
71 HSP65 el dad 5 30kDa¥ 33kDa o 325+ DNA fragmentE
primerE o] g&3slo] ZZAZH T FZ 9 DNA fragment:= 26kDa =7]9 wwlgdg b
d3li= pGEX vectordl] cloning3dle](Fig. 5) E. coli XL-1 BluedlA #xA}% 56kDa
2 59kDa®] Az @ulds A Z T B E @A S SDS-PAGE= gelgh 2
¥, GST:HSP33e] @i e] A= Fow didy sdgk =79 59kDa®] o4
Aol TS & F AT 2y GSTEHSP309 ©¥ide] A9-&= 1 A7|7}
Fzol AEH 56kDacl obyd 59kDac & W&ol = th(Fig. 6).

wehA] EFE gy e A7)l 56kDa] whA d@AS AYAkstr] 9l
59kDa®] @M AL &= GST:HSP30 A%3% DNAC| Exoll¢t S1 nucleaseZ
A 2] 3}o] nested deletion W (36-38) 2 % (Fig. 7-A) GST:HSP30 gene 9] sizeE
=9k GST:HSP30 genes BamHI1 2 A #3}¢] 5 protruding end®] linear DNA
2 H3AA Exo ME 30% Ao =2 150% F<¢F digestdr & 3’ protruding end=
S1 nuclease® digest 3%t (Fig. 7-B). Nested deletion ¥ fragment DNAZE self
ligation 3to] E. coli XL-1 Blueol Z&AHE A7l & wdd @il dS SDS-PAGE
2 g1 Ay EFE dwdn e A7]o] dwdgo] HHEHYSTS & 7 AN

(Fig. 8).
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Bl 1 4740

e e [ 931
— GBT [craioas
{ Eeol 1941
Laclqg pGEX-2T \
Pl 3645 4948 bp |
" H"'h.: 1286 1 1561
»_ Amp
or1 - ey
AlwH 1233 Fea ] 2078
\
native honey foreign honey
l"“"*""‘“l Prac B 1931 m“ul Piac Baxi 1711
L GBT Joealses - GAT Ll s
- [ Eeh 1l
Lacl E Lacly
o 4 Kl 448 Hap33
M pGEX-HSP30 HSP30 pGEX-HSP33
3658 bp ST48 bp
1 ) F /
N oL,
L ;
Hx.'._ T 'llr .H-\--\-\_ ""
Pl M ) Alatl [ 42 A BaplEe1 561
Alwd{ 1 3333 Aingp Bl LI Bl 3N
Ewa 12721

Figure 4. Construction of recombinant plasmid.
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Figure 5. Ligation of PCR products into pGEX vector.

33



wa 1 2 3 4 5

220

Figure 6. Expression of artificial marker proteins.
Lanes 1, molecular weight marker; 2, native bee honey protein; 3, E.

coli/pGEX::HSP30 artificial marker protein; 4, E. coli/pGEX::HSP33

artificial marker protein and 5, foreign bee honey protein.
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A) Plasmid

Stop codon

] Gltrauhthiones- Heat Shock Protein I_ pPGEX::HSP30
¢ Cut with 5 protruding RE ( BamHl )
— GST 3 5§' s HSP I_
¢ Exonuclease llI
— GST 3 5 5 s HSP I_
¢ $1 nuclease
— ST Hsp —
v TADNAligase
— GsT — — pGEX::HSP28
B) M 0s 30s 60s 90s 120s 150s
bp
8000
6000
4000
2500

Figure 7. Cloning strategies for the production of marker protein.

Serial deletion of recombinant DNA used a kit(A) and agarose gel
electrophoresis of serial deleted plasmid DNA(B). Plasmid DNA was
digested with BamHI. The molecular weight marker(M) used was 1 kb
ladder. Aliquots were taken at 30 second intervals after the addition of the

Exonuclease I, treated with S1 Nuclease.
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97 .4 e

66.2 w——

45 =

Figure 8. Expression of artificial marker proteins.

Lanes 1, molecular weight marker; 2, native bee honey protein; 3, E.
coli/pGEX::HSP28 artificial marker protein treated with Nested deletion
method from pGEX:HSP30; 4, E. coli/pGEX::HSP33 artificial marker

protein and 5, foreign bee honey protein.
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2) pHCE vectorE ©] &% F ulA duldo] wg

pGEX vector: lac I gene©] 1914 lac promoterZ negative regulation 3}=
expression vector®] 2= 17Fe] IPTGE H7bafjolyt vl d S wrd st} wela] o
@ 93 Al IPTG induction §lo] vl @M AL A7) 93+ Bacillus 7199 7+
3t promoter?] HCE promoterE 7|WFSZ ampicilline A#&A FAA7F &
expression vector®l pHCE IA vector® ©]£3} 3 th(Fig. 9). pGEX vectordl cloning
o] gl fusion DNA (GST:HSP28, GST:HSP33)E T %A717] $18t¢] PHFI1
primer= GST TZF 429 start codons (3= A %eld o, PHRI primer
= HSP33 DNAM o] wpAjep Fgof ghAl A2t th(Table. 1). A #t€ primers
o] &3] PCRS <33t pGEX vector® 4 € 561<Daf’qL 59kDa?e] @ E S ‘ﬂé?—éﬂé‘}%
DNA fragmentE X3ttt #A3as 28 ¥ pHCE IA vectorol ligation 3+ 2
HAHg 3 cHFig. 10). pHCE vector:= CPGY®IA (3.2¢ KH.PO,, 11g KoHPO,,
4g (NH4)2SO4, 30g casein peptone, bg yeast metal extract, 50g glycerol, lg
MgSO,4-7H:0, 5g sodium glutamate, 1.0 ml W52 =% 1 |, pH 6.8, " ZFPLE *
AdH] 10g/1 FeSO4-7H20, 2g/1 CaCly, 2.2g/1 ZnSO4-7H20, 0.5g/1 MnSQO4-4H:0, 1g/1
CuSO4-5H20, 0.1g/1 (NH4)sMO7024-4H0, 0.02g/1 Na:B4O7-10H0)o A4 3HA a2 o]
add Ho a8y IPTGE #7F shAl &= A tial o2 S/ AEs5S H71
dof st AAZK E&Adol aux Euu B 4 §lth U}F/}H pGEX vector$}
pHCE vector7} A1 ¥ A A A3A S ampicilling 3 L-brothe] 43 4& #H
Tkl IPTGS H7F flo] s & wd WAAd 5 nluwstlvh. L 23 pHCE
vector®] @z WwHAH == IPTG inductione AlAF+E pGEX vectord @iz b
Y=ot vz AR Hol(Fig. 11) th# A4k Al pHCE vectorE o] &3 @&y
L £ Ab&ste Aol mi AAAelga Bzt whebA
FAAS Foto] AL E v GdulAS EFE 9ol AESHE
vto] EXst= 7be] EERY F v dwd S oA

A
=
= A ud AAA 5840 ¥9I Azl A,
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(A) Map of pHCE IA (Nde 1) expression vector

HCE promoter

\ Sall (373)
\HincII (375)
Pst1 (383)

|\ Sph1(389)

| Hind 111 (391)
rmBT1T2
Narl (1384)

pHCE IA (Nde I)
3867 bp

AspEI (2612)

Pyul (2243)
Scal(2131)

AatT1 (1693)

(B) Nucleotide sequence of multi-cloning sites of pHCE IA (Nde 1) vector

Ndel EcoRl Sacl Kpnl Smal BanH Xbal Sall Pstl
CATATGGAATTCGAGCT CGGTACCCGGGGATCCTCTAGAGT CGACCTG
M EFELGTRGSSRVDL

Sphl Hindl Il
CAGGCATGCAAGCTTGGCTGT TTTGGCGGATGAGAGAAGATTTTCAG
Q A C K L

Figure 9. Constitutive expression of recombinant protein by strong HCE

promoter based pHCE IA (Nde I) expression vector.
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Nde |
/ Eco |
/ Xba |

HCE promoter /

pHCE IA (Ndel)

6000

Ligation

2500

1500

bp 1000

500
1500
1200
1000
500

Figure 10. Ligation of PCR products into pHCE vector.
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Figure 11. Expression of artificial marker proteins.
Lanes 1, molecular weight marker; 2, native bee honey protein; 3, E.

coli/pHCE::HSP28 artificial marker protein; 4, E. coli/pHCE::HSP33

artificial marker protein and 5, foreign bee honey protein.
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3) A=z vtA @ de 7H&3 2 AA

E. coli WolA deAoz gAdw vi7] djdE GSToF HSP6S ff o2
2 GST purification modules ©]-83F affinity chromatography S =3 §A AAl=
F A= design®l Zlelth 1y pGEX:HSP28¥ pGEX:HSP33 w59 44+
E. colidol A w7 wildo] atd F o] inclusion bodyES HA G2 2ZM  affinity
chromatography & A}F-8-3Fo] A A 8= gt}
webAq pHCE:HSP28¥ pHCE::HSP337} transformation ® FE. coli XL1-blue
247} ampicilling &+ L-brothol A widst - A4 (5000xg, 10min)a}e]
S| =% cell pellet?} 4% 4S SDS-PAGER elatitt. 1 Ax Zdy @
AE o &A% & F JAH(Fig. 12). wW2bA cell pellets 3 43to] cell lysis
buffer 1 & #8354 cell& lysisAlZl ¥ inclusion-body solubilization buffer 1,0
& A g3t inclusion bodyE 7F&3F AIATH39, 40). 71E3ld EFEI SFE5EH9
Az v G dS Z+z 10% resolving geldl loading 3Fe] Prep—cellS ©]-&3}<]
50mA= Z7H st (Table. 3). &&% o v @l ¥ (Fig. 13)& SDS-PAGE=
gelste](Fig. 13) ETHY S8 &e 8 dwdy a7|7F 22 vpA did s A
Attt (Fig. 14).

o

Ll

e
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kba 1 2 3 4 5

116 e

97 .4

66.2 “w——"

Figure 12. Confirmation of the expression of artificial marker proteins by
SDS-PAGE.

Lanes 1, molecular weight marker; 2, soluble fraction of E.
coli/pHCE::HSP28 cell extract 3, insoluble fraction of E. coli/pHCE::HSP28
cell extract 4, soluble fraction of E. coli/pHCE::HSP33 cell extract and 5,
insoluble fraction of E. coli/pHCE::HSP33 cell extract.
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Table 3. Running condition of Prep—cell electrophoresis

Resolving gel concentration

Resolving gel length

Resolving gel buffer

Stacking gel concentration

Stacking gel length

Stacking gel buffer

Elution buffer

Elution rate

Fraction size

Power

10% acrylamide solution

10.0 cm in the 37mm gel tube

1.5 M Tris-HCI, pH 8.8

4% acrylamide solution

15 cm

0.5 M Tris—HCI, pH 6.8

0.025 M Tris-HCI, pH 8.0

0.6 mL/min

5 ml

50mA-60mA
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1 23 4 56 7 89

Figure 13. DPurification of artificial marker protein with Prep-cell

electrophoresis.

Lanes 1, crude extract; 2, fraction 35; 3, fraction 40; 4, fraction 55; 5,

fraction 60; 6, fraction 70; 7, fraction 75, 8, fraction 85 and 9, fraction 90.
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Figure 14. SDS-PAGE of artificial marker proteins.

Lanes 1, molecular weight marker; 2, total protein of E. coli/pHCE::HSP28
cell extract; 3, purified artificial marker protein for native bee honey
protein; 4, total protein of E. coli/pHCE::HSP33 cell extract; 5, purified
artificial marker protein for foreign bee honey protein and 6, mixture of

purified artificial marker proteins for native and foreign bee honey.
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4) AAE vtA @9 Fd S o] &

ol
>
&)
iy
49
13

A zbE QlE mpA e ol o]§ataral E kel A
gL d? dF wr duEs
co—electrophoresisdt 1 tF. 59kDa2] 4% <¥ nl7] w@lAS o] &3fo] A
g A FeEY AyE T8 dwdy A &
2 geldoll dlitbe] bandWh YEIYAIR EFE] A
m2 F8e band7b WERES 1 & = AATH mEIEA
w7 dulEd s o] &% Ay FEEY B EF A¥
o2 geldel F19 band7b YEFUAIT EFE] A9 EF Q1 v @@lA
A7y At 2R sy band7t YERES &0 & 4 JdAth(Fig. 15). Fig. 159
lane 33 4= Al#FQ EFEZAN EFE <F vl @il A 3} co-electrophoresis$h
A4S T4 band’} UEY I FEE <lF wpA @@l A} co-electrophoresisdt 4%
&he] band7b UERd Ao 2 Hol gBEE E ).
718w HolA duide] Eapske] zpole] ofEFPH AHHL st mA
o] E& wWEs] fleiA FHo] dFE EFEoY YEES B AR /\}%3@4
co—eletrophoresis 3joF a2 & nmAZ} @ F A= F
Aztect Bk olyel F4o] isH ETEY FeEs AAstd # UFﬂE At
& A9 27k AAuEel a9 HBRE o] gk AstA] Keirial AzHETh 1
|

A w7 el

|
A BEFE 9 4%

hu o
ofs
o
&
s
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Figure 15. Discrimination of commercial bee honey by artificial marker

protein.

Lanes 1 and 2, commercial foreign bee honey; 3, 4, 5, commercial native
bee honey. Lanes A, co-electrophoresis with artificial marker protein for
foreign bee honey and B, co-electrophoresis with artificial marker protein

for native bee honey.
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Zrell A 20029l AH AL EEEI A FFEQ kB o}
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ol A1 20mM Tris-HCl (pH 85)ell thslel 12413k FA 5k th F4e] £ F 20mM
Tris-HCl (pH 85)% #H¥3} A171 DEAE-Sepharose CL-6B column (1.0x10cm)el
A3 =9 F 20mM Tris-HCl (pH 85) 30mlz Al#adch d@ad &2
OM-0.5M NaCl linear gradient (in 20mM Tris—-HCl (pH 85), total 200ml)= 3} %}
o2 A3 AAREE 20~25mS/em FZelA Fa dwdol &% HaL(Fig.
16-A) 1 #3¥%ks ®ol 20mM Tris-HCl (pH 85)ell tisl 4TelA 124178t
23 & DEAE-Sepharose CL-6B column (1.0x10cm)< ©]&3t9] 2% column
chromatography S 3t th(Fig. 16-B). @#a £%& (O0M-05M NaCl linear
gradient (in 20mM Tris-HCl (pH 85), total 200mD)& 3o Fo dwze u
AEE 23mS/cm H-2olA €& %A} Fig. 17).

FeEe] AS AlEel 30% Estsert HEE (NH):SOs 25
bath’oll Al 1A 7Fs<b wnk gk 5 d4liEe] (10,000xg, 103)3te] A5 HS 30% X
3t (NH4)2S047} 3% 20mM Tris-HCI (pH 85)% %33} A1 Phenyl Toyopearl
650M column (1.0x10cm)ell 2 =YAIATE 30% E3F (NHi):SOs ©] FHt¥
20mM Tris-HCl (pH 85) 30mlzZ A3t wwad 852 30%-0% (NHy)2SO4
linear gradient (in 20mM Tris-HCl (pH 85), total 200mD= sttt 1 A3 F2
gz o Bl A TR 10mS/cm F2olA & 5AH(Fig. 18, Fig. 19).

ol Fe] AA A o) Zzte] BEFE EAF] AR vE dWdS #4

g A= AL 5 AJHFig. 20).

48



0.30

°
N
o

o
pS}
o

0.15

Protein concentration(mg/ml)

o
e
o

0.05

0.00

4
| 13.5
| 18
125
»
E
12 3
©
b4
11.5
11
10.5
0
0 10 20 30 40 50 60

Fraction numner

Figure 16. Separation of protein from

DEAE-Sepharose chromatography.

native bee honey

Concentration of protein (), OM-0.5M NaCl linear gradient (—).
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Dialysis of native bee honey in distilled water (D 55.0mg
(molecular weight cut off : 12,000Da)
v 4T, 12hr
30% saturation of (NH,),SO,

Centrifugation alt 10,000g, 10min

| |
spt @ 48.4mg ppt @ 5.5mg

Dialysis of native bee honey in buffer
| ac,12nr
applied to a column

}

Washing with buffer @ 0.0mg

|

Gradient with OM-0.5M NaCl in buffer

!

Fractionation of major protein & 11.7mg

Dialysis of major protein fraction in buffer
l applied to a column

Washing with buffer ® 0.0mg

}

Gradient with OM-0.5M NaCl in buffer

}

Fractionation of major protein @ 6.9mg

Figure 17. Process flow for protein purification from native bee honey.
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Figure 18. Separation of protein from foreign bee honey on Phenyl

Toyopearl 650M chromatography.

Concentration of protein (€); 30~0% (NH4)>SOy4 linear gradient (—).
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Dialysis of foreign bee honey in distilled water 1 30.0mg
(molecular weight cut off : 12,000Da)

v 4T,12hr
30% saturation of (NH,),SO,
v

Centrifugation at 10,000g, 10min
\
| |
spt @ 28.3mg PPt ® 1.6mg

i applied to a column

Washing with 30% (NH,),SO, in buffer @ 13.0mg

!

Gradient with 30%-0% (NH,),SO, in buffer

}

Fractionation of major protein ® 5.3mg

Figure 19. Process flow for protein purification from foreign bee honey.
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1 2 3 4 9 kDa

- 116
97.4

66.2

45

31

21.5

Figure 20. SDS-PAGE of crude and purified major proteins of native and

foreign bee honey.
Lanes 1, crude foreign bee honey; 2, crude native bee honey; 3, purified

major protein of foreign bee honey; 4, purified major protein of native bee

honey and 5, molecular weight marker.
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NBH polyclonal antibody

FBH polyclonal antibody

Cross-reaction

NBH protein

FBH protein

37C, 1h
4C,12h

Centrifuge (5000rpm, 5min, 4C)

ppt

Figure 21. Purificatioin of antibody.

Spt : purified antibody

NBH: native bee honey; FBH: foreign bee honey; Ab: antibody;

antigen.
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A) FBH Ag NBH Ag
o2 10048 3004 6004 | | o 10042 3002 600!

2[00 . * o®
&
| o®
B) FBH Ag NBH Ag

| oxe 100z 30012 600xz] | oxg 10042 300u¢ 600 |
2[00 D *®
&
& |x1000 . .

Figure 22. Optimal condition for purification of NBH Ab and FBH Ab.
A) Detection of NBH and FBH with purified NBH Ab at different

concentration of honey protein and B) detection of NBH and FBH with
purified FBH Ab at different concentration of honey protein.
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NBH Ag FBH Ag
|

NBH Ab @B‘E@’C’ - Ej --:
FBH Ab hﬁ%{hﬂ "66

O e il o il . =

B) NBH Ag FBH Ag
| |

neHa DD O O
FBHAb 'Y X B

Figure 23. Antigen specificity of purified antibody.

A) colormetric method and B) luminometric method.
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Figure 24. Western bolt assay of polyclonal antibodies against protein of

FBH and NBH.

Protein of NBH(lane 1) and FBH(lane 2) were electrophoresed in a 7.5%
polyacrylamide gel, transferred to nitrocellulose, and detected with the rat
anti-protein of FBH polyclonal antibody(A), rat anti-protein of NBH
polyclonal antibody(B).
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A) NBH Ab FBH Ab
[ %2 x10 x50 x100 | 'x2 x 10 x 50 x100 |

m s e e e =
CTCOTCEe8ED
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Figure 25. Immunological discrimination of commercial honey.
A) colormetric method and B) luminometric method;

Lanes a, b, commercial foreign bee honey; ¢, commercial native bee honey;

d, native bee honey collected in Hongcheon and e, commercial naive honey.
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Figure 26. Discrimination of native bee honey by molecular biological

methods.

I, Luminometric method; I, colormetric method; I, SDS-PAGE. A and
B, commercial foreign bee honey, C, commercial native bee honey; D,
native bee honey collected in hongcheon area and E, commercial naive bee
honey.

Lanes 1,II-1, detected with native bee honey antibody;, I,I-2, detected
with foreign bee honey antibody; IM-1, co-electrophoresis with artificial
marker protein for foreign bee honey and IM-2 co-electrophoresis with

artificial marker protein for native bee honey.
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Figure 27. Discrimination of artificially mixed honey by SDS-PAGE.
Protein of NBH and FBH were mixed with 100 to 0(1), 80 to 20(2), 50 to

50(3), 20 to 80(4) and 0 to 100(5). Each protein were co-electrophoresis
with artificial marker protein of NBH(A) and FBH(B).
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Figure 28. Absorbance of artificially mixed honey protein by colormetric

method.

NBH and FBH that have same amount of protein were mixed with 100 to
0 (1), 80 to 20 (2), 50 to 50 (3), 20 to 80(4) and 0 to 100(5). Each protein
were detected with FBH Ab(A) and NBH Ab(B) and reactants were
monitored by absorbance at 405nm. NBHP: protein of native bee honey;

FBHP: protein of foreign bee honey.
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Figure 29. Absorbance of artificially mixed honey protein by colormetric

method.

NBH and FBH that have same quantity were mixed with 100 to 0(1), 80 to
20(2), 50 to 50(3), 20 to 80(4) and 0 to 100(5). Each protein were detected
with FBH ADb(A) and NBH Ab(B) and reactants were monitored by

absorbance at 405nm.

66



i

HH e &3l 259 FRE F8 20009F AE HA ol ALS
LZo] Apis mellifera Linneo. 2 A|3tE o] glom g = t}o
Aol ok FA-FA §hge] Aol Y& AoE d|do] HArh Yy EFE]
G FEF Ho] A e oS AlgstnE A vk Aolrt YEhd
2 F7hA AR AEe EEEY ] ETE 32F, 181
U FBE 65 FUE 8Fo tste(Table. 2) ¥ 7FA sEyiow sl
A3 FrhelA ANAI EFELS BT gel AolA EFE Eo] duldo] AEHG
3 EZdA G g Rt 5ol s e Ath(Fig. 30, 31). olelgh A¥E wFof &
o = el A AlSEE ESE S 2 WYsty A4S X3 dva A4
UTH SDS-PAGEE ©o|-&3F sl Ao m=w 759 Al EFE (7, 8 15
20, 22, 23, 31H¥)& EFH Eo] hulgd Al
Z¥AH(Fig. 30). T3 o] 7F9 AT EFHS FAE o] &3 FEnyion
A7 1% (TS ETFA ] A3 wkgshA] s oz Hol o] HE giio
EFHE dvida 9 Aol AZATHFig. 31). T3 UmA AdEZ A3l
ETHE 6% (8 15, 20, 22, 23, 31W#H) & ETEHS I EFFAAY, 7
B} H7tAlE Este] Alxd b EFTolgtal A7t Mk 1 9o 10F9] E
FE (19, 21, 24, 25, 26, 27, 28, 29, 30, 32WE)& geldol M= EFH G dvto]
AZH NG (Fig. 30) ETE Aot SFou Ao 7 whgstes o= Hol ¢
TES A% £ ETEo g A4 vk(Fig. 3. 650 wUl FEeES F
A bRl A B e EE BEEdon 8% uitEy BY FeEE vl
¥ tH(Table. 4).
R O I e Eo I PR

O

o

Ll

67



1[0 b0 (D) e w13 e 19 | 25 | (G e 37 e 43|
2| (3) W e B GO | e 32 |- S gg | --
3 o [w B (19 W e 21 | W27 | S | 33 30 4| .-
4 10 | 16| e 2| 23| e 34| BB, =11 | N ===
5| 1| b 17| - 2 20 | BB | 35 =41 -
6/ 12| 18 | s | 24 | 30| 36 | B B 42| g

Figure 30. Discrimination of native bee honey and foreign bee honey by
SDS-PAGE.

Thirty two commercial NBHs and 14 FBHs were discriminated by artificial
marker protein. Lanes N, co-electrophoresis with artificial marker protein
for NBH and F, co-electrophoresis with artificial marker protein for FBH.

Fake and adulterated NBHs was displayed with circle.
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Figure 31. Discrimination of native bee honey and foreign bee honey by
ELISA.

Thirty two commercial NBHs and 14 FBHs were discriminated by
colormetric method. Lanes N, detected honey with NBH Ab and F, detected
honey with FBH Ab. Fake and adulterated NBHs was displayed with

circle.
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Table 4. Discrimination results of collected bee honey by SDS-PAGE and

ELISA.
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