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SUMMARY

American Foulbrood (AFB) of honeybees (Apis mellifera), caused by a Gram-positive
bacterium Paenibacillus larva is one of the most serious diseases affecting the larval and
pupal stages of honeybees. Nosemosis, a disease caused by a microsporidian infection, is
one of the most frequently observed parasitic pathologies affecting adult honeybees.
Presently, Nosema ceranae and Nosema apis seems to be the main microsporidian infection
in honeybees. The aim of this study is to evaluate lactic acid (LAB) strains isolated from
Kimchi and to study its inhibitory effects against Paenibacillus larvae subsP. larvae KCTC
3744 and Nosema trichoplusiae ATCC 30702. In all, 3,500 strains of lactic acid bacteria
1solated from 200 types of Korean traditional kimchi were screened and three highly active
bacteria were selected and were identified as Lactobacillus plantarum YMLOO1, L.
plantarum YMLO04 and Leuconostoc citreurn KM?20. The highest antimicrobial activity was
achieved after culturing the three strains for 21-24 hours. In addition, temperature and pH
stability assays confirms that the antimicrobial activity decreases at temperature above
500C, however the antimicrobial activity remains un—effected after treatment with Protease
K, Lipase, Trypsin, Pepsin, a-amylase 5. The optical density of P. larvae KCTC3744 with
selected strains at ODgwomn showed drastic decrease in cell growth as compared to control
Three groups of honey hees(N=25) were given Nosema Spores at a concentration of 10,000
spores per ml with addition of 1% of supernatant of three strains. The bhees were
incubated at 37°C for seven days after infection, and the amount of spores in the mid gut
was counted. We found that the three strains inhibited the growth of P. larvae KCTC3744
and N. trichoplusiae ATCC30702 and provided new perspective for probiotics of honeybees.
Further studies were conducted to know the nature of antimicrobial substance. The NMR
analysis of Lactobacillus plantarum YML0OO1 shows that the agent with high antimicrobial
activity is lactic acid or similar substances. Secondly, Lactobacillus plantarum YML0O04 was
assayed to study the nature of antimicrobial compound. A single activity peak was
obtained by HPLC analysis and accurate molecular weight determination was carried out
by Matrix assisted laser desorption ionization time-of-flight mass spectrometry
(MALD-TOF) confirmed as 5043.464m/z. The optimizations of strains were done in
different culture medium samples in order to select the most suitable medium composition
for mass culture production. The most prominent culture medium composition was found
to be carbon source glucose, nitrogen sources of trace elements were selected tryptone
Tween 80 and Sodium acetate, Ammonium citrate, MgS04, MnSO4, Dipotassium Phosphate
was selected by examining the ratio of (20g Glucose, bg Yeast Extract, 20g tryptone, 2g
Polysorbate 80, 10g Sodium Acetate, 4¢ Ammonium Citrate, 0.05g MgS04, 0.025g MnSO4,
1g Dipotassium phosphate / L).

For on-site assessment of Bee eggs and Bee larvae, candidate probiotics were applied to

design and test the resistance of Bees against infection. This method was performed with
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a conventional unit of the bee hive with thousands of cells in each group. The responses
to novel probiotic were very effective with high sensitivity. It adds an advantage against
other drugs with high toxicity. The primary effect of colony infection of the candidates fed
with probiotics and control bees were analyzed by real-time PCR for Nosema specific
quantitative PCR and real-time PCR for quantification of Paenibacillus larvae in infected
colonies. Therefore, the average number of infected bees were accurately counted and
diagnosed. Furthermore, Bees after winter were provided with bee bread containing
AFB-probiotics and Nosema—probiotics, infected Nosema apis colonies were medicated by
AFB-probiotics, AFB-pathogen, Nosema-probiotics and how it affects the growth of every
group of bees was inspected quantitatively.

This study has been conducted in various kinds of bees, under different seasons,
environmental conditions and colony health. So, this is very important research to follow
and will be the leading edge of bee research and would certainly help quantify what many
of us have observed. In addition, probiotic supplementations include better bee survival.
The results demonstrate that these LAB probitics plays an important role not only in the
Nosema or AFB tolerance, but also in the resistance to other diseases. Therefore,

development of Bee probiotic would be novel application in Bee culture industry.
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1. A FeAE A tdA JEol A A AF AAZELAI] dFH I 9l
o, w345 A " (american foulbrood) ¥ :Alv}¥(Nosema disease)oll U3+ T4
WMo AAH3 Q13

2. FATAH Y (OIE)N A= FRHSAWEFB)H v 5-AH(AFB)S 29
on, FYNE AA NE ASS2E 97 A3E AEAdWon B
AW F 74 Azte ¥8 o]

zR02 AHEI
FHolglo] EE

3. MR AW(AFB)S Paenibacillus larvae7} 92133 A7t AW ozx Hor} 3}3}4
AEA ¢ =2 AFAS ey BFHGN]) S A 3599 AR E Ve

4. AAAA v FARE A & 7 J= HLS EA A Fof dFEY FrrEe] FAA
E ARESHal 9 AARoly, wetA FAA E E&o| fEHo| Ao KA X3}

5. =Ave BAHL ol e plio] F §H(30~50%9 =W AMd, W2 90%AHE)e] ¢
glo] Har YA o} A% FAAQ Aol gli= AAHY

6. 71€9= =AY ARAZA wAviay A 2d Fol YA, F240]7] Wi WHO
oA AHES FAY

7. %9 Agel @ FAAD AN DAL WA AT FPHARe] A5 Pl mgol
2 Wb ohld VAW ATt Y #ol BE o} o] HBLF JWE v 239
(20084) tRo FB AFL 129 ez FYel AAFEY AgoAd 3L 2

= X
%T 271-1%11

7b B AN Vb A, aHlE St whE distRsiet 28 £ E
(D =9 AR 7h s A ~4Rt 5000 7h s aAske] ghov 2002d o] -
oFzh #ashe] 2008'dell= 3%k 4102717 (21 1-2-1)

(2) Abs e 19949 60 el A 2004 201 TR F7F, 2008 185%F 7
TE A AR tiarEE Hal s G 1-2-1)



(3) AH% 7h e A wE A T FUkebe, § BrelAl ARe] A
st AW WAAY] #Ado] hEstslol e @Al weld A2l
50000 S ~ 2500000
45000 S+
40000 - = 2000000
35000 -
30000 S+ - 1500000
25000 S
20000 A = 1000000
15000 S
10000 A = - 500000
5000 - e
D L] L] L} L] D
1994 2004 20086 2007 2008
a9 121 BE AR 5 2L ARTET o) W
A% D EFEEEEAA B4 2D B 2010, 297
¥ 1-2-1. #3 K 75 L AU o W)
+ = 1928 1994 2004 2006 2007 2008 H 3
Ea(E
=) 28,490 16, 885 16,955 16, 455 13,883
AR
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(23)
AlZ) 170, 705 662,678 2,012,734 1,976,121 1,889,514 1,858,574
: . : . H (2%
H 1 8416 51:49 16:84 20:80 opx)
(FA EEEURDYAe) 45 28 v 010, 29
Ferrsl #AE EA AW
(D FEivel Fesde] 7Iwke] B Q= ofghAlel o] 7§ WFoR tYA=
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Age dgom wolsta glar ofol wka] o] A ErL s okaiA Al
fA ==, By oohyey, B 2 IHEd AW ddAY FAA WAl
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M3 a8 UE I 81

Al1APE AN B

1. Paenibacillus larvae subsP. larvae KCTC 37449 W3 a8 ¢4 #59 &AM

AAZE-E Paenibacillus larvae subsP. larvae KCTC 3744°] )3t gt &Aool 53 HF5
£ Su3r] ste] 2005 ol AAE W, AL, AR dEke A 674 olA
Hgvh AAZRE A A #FE Bysty] st AAE A g4g & 4 AA ’d%‘_ﬂﬂ
191 BCP agar$} w2t A8 vix] el MRS agar® AFE3F & A% A3 3500 ofF2
Abts . o] FelA w=m BAWE 41l Paenibacillus larvae subs. larvae
KCTC 37449 thall paper disc assayE Aldsto] st&Ad 528 AAFE T positive control
= FAA tetracycline(100ppm)&  Blal ARESFI oM, @ifsol tetracycline U} 7FakH
grade A(+++), F-A31A grade B(++), 2F3}1 grade C(+)& F-ofdle] dtHo] 3 15%
o] #FE FRIITHES-1-D.

N
ﬁ

O

s

¥. 3-1-1 Paenibacillus larvae subsP. larvae KCTC 3744 dl&] JH A S 7[A = 47 (15%F)

No. strain media & source & antibiotic

designatom culture condition geographical origin activity
1 YMLOO4 MRS-37¢C Kimchi +tt
2 KM20 MRS-37¢C Kimchi +tt
3 PX342 MRS-37C Kimchi ++
4 PX310 MRS-37¢C Kimchi ++
5 PX358 MRS-37¢C Kimchi ++
6 PX236 MRS-37¢C Kimchi +
7 PX239 MRS-37¢C pig feces +
8 PX243 MRS-37¢C Kimchi +
9 PX264 MRS-37C Kimchi +
10 PX269 MRS-37¢C Kimchi +
1 PX270 MRS-37¢C Kimchi +
13 PX277 MRS-37¢C Kimchi +
14 PX306 MRS-37¢C Kimchi +
15 PX308 MRS-37¢C Kimchi +
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¥.3-1-2 Paenibacillus larvae subsP. larvae KCTC 37449 i8] A /1A= 95 47 1AF)

No. species desslgﬂagt}om cultt?gdl (.:in%ition geogrsz%lﬁiccealggﬂgin
1 Lactobacillus plantarum YMLO04 MRS-37¢C Kimchi

2 Leuconostoc citreum KM20 MRS-37°¢C Kimchi

3 Lactobacillus plantarum YMLOOL MRS-37C Kimchi

4 Pediococcus parvulus YMLO002 MRS-37C Kimchi

1~2 92 &4 Ad 23 HAF 589 I $radTE AE @ Aoy, o e H
of 7 F4% grade A9 dF 4Fo] HE AFHUNHE 3-1-2). AEHAR 4F
Lactobacillus plantarum YMLOO1, Pediococcus parvulus YMLOOZ, Lactobacillus plantarum
YMLO04# Leuconostoc citreum KM202 §3 & At shtrddol 7 HAW o4
ol Lactobacillus plantarum YMLOOL, Lactobacillus plantarum YMLO0A:= 1 59 EA 3} A
HEAd =45 BASE HFEHAR] AES NS A A9E A

rx 4N

2. Nosema trichoplusiae ATCC 30702 d)3t a4 3A 5= #F2 aA

Paenibacillus larvae subs. larvae KCTC37449) w3k g gAdo] 53k f-AHFS o] £319

Nosema trichoplusiae ATCC 307029 th3t s &A-& AA Tt Nosema apist

& ol Ertstuz fAd@AE 7htal B0l 753 Nosema trichoplusiae ATCC 30702
o,

9} ATCC CCL-80 (Antheraea cells, Ovrian tissue, Moth, Antheraea eucalypti)

AABAEHE 3-1-1).
94 N.oulemae
@E N.necatrix_ATCC30460
100 N.vespula

Nosema apis

N.furnacalis
100 | [ N.trichoplusiae
100 .- N.bombycis

Caudospora simulii

0.05
19 3-1-1. Nosema trichoplusiae ATCC 307029 AlF E7sH4 94

e

2

S AAE Ay Nosema trichoplusiae ATCC 30702% Nosema apis®] 7FAE ol A
U= 35S yeRY Y. ATCC CCL-802 culture medium (Grace’s insect medium,
'79%; heat-inactivated fetal bovin serum, 10%; whole egg ultrafiltrate, 10%; bovine plasma
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albumin, 1%)& AF&3le] 24C=E CO, incubatorol A cell culture@t}. 9Bwelle] ATCC
CCL-80< 1 x 10° cel/mle BF33 wold Nosema trichoplusiae ATCC 307028 714 A]
A 3BTCoNA 3Y &t wlgs & FARFY AT 50us TFste] oA S AmEge
229 wolE: 4 o 4 gldvi(d 3-1-2).

Non-treatment Treatment

18 3-1-2. ATCC CCL-80 cell line® Nosema trichoplusiae ATCC 307029 7+ 49

Nosema trichoplusiae ATCC 307029 ad&4d-& Flstr] 9ste] Fol & AH&3 AH 44
W10, 1118 =43 Fol egg 2000075 25T/ Tday ®l%ste] Fol7} Sem oA} A& o
MR T AE ol AFRCRAITALE /ool & EAE /S ARS)ol Nosema
trichoplusiae ATCC 307029] EAH15 x 10* spores/mD)E E3AAH ®Ql & 27(C, 397
Nosema trichoplusiae ATCC 30702& 7ol AdldlA vl dvt. 2 A3 Foo 74
Nosema trichoplusiae ATCC 307029 FAb= WolstA] Ealgon AAZQ ¥zt ZHAaAn
JojupA] i1 d 3-1-3).

Silkworm egg Silkworm

a9 3-1-3. Silkworm®| Nosema trichoplusiae ATCC 30702¢] 7+ A9

ol A F-ok wre HWS A3t Nosema trichoplusiae ATCC 307029 E4F ol E
71 Y& HH ALEQl MAEE(Sugar solution)o] Nosema trichoplusiae ATCC 307029 ¥xh
(15 x 10" spores/mDE & F HE}h 5749 AFFoR hrol AFe AR

1-2-1). 5709 Alg-& 73 mlds & & oA Nosema trichoplusiae ATCC 307029]

Nosema trichoplusiae ATCC 307029 &arghd-S 2317 fdle f&71#9 A7|gsu

_28_



£A5E FReRon, B ¥F 2Ee uck Fhtdl 4% F 10 uE Ad
hemocytometer?] V-29%2] o loadingdte]l &v] A (X100) o= ##AYrHE 3-1-3, 1d¥
3-1-4).
¥ 3-1-3. #¥d] U8t Nosema trichoplusiae ATCC 307022 384
Group Treatment
B None
Positive control AEE (Sugar solution, 5ml)
Negative control MR 4N, trichoplusiae (15 x 10* spores/ml)
L. plantarum YMLO04 | AR5 +N. trichoplusiage + L plantarum YMLO049 A5 500ul(0.1%)
Leu. citreumn KM20 ABE +N. trichoplusiae + Leu. citreum KM209 A5 9 500ul(0.1%)
L. plantarum YMLOO1 | 295 +N. trichoplusiage + L plantarum YMLO019 A5 500ul(0.1%)
SIS Positive control Negative control
L. plantarum YML004 Leu. citreum KM20 L. plantarum YML001

19 3-1-4. Hemocytometer= ©|-&38 Nosema irichoplusiae ATCC 307029) ¥4 @9l (du]7, X100)
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oA 7T Hﬂokﬂ Nosema trichoplusiaze ATCC 307029 ¥A4+5 A3 A3 L
plantarum YMLO04 S 3 A& A Nosema trichoplusiae ATCC 30702 W wjtksd A9
o B eF 1004 ¢ ix} Wolrh oAAlg e &l & 5 ANOH, Leu citreum KM20 3 L
plantarum YMLOO1E H| 523k A& &9 & 4 (a9 3-1-5).

1.40E+08 Group Spore count
Honey bee colony 1.8X 108
1.20E+08 - Posltlve control 8.8 X 108
Negatlve control 1.2X 108
1.00E+08 -
L pfantgaruamYMLOD1 9.7 X 108
= 6
% SO L plgntgramYMLO0A 25X 10
5 Leu. cltreum KMz 3.6X 10°
(=1
“ G.ooE07 -
4.00E+07
200807 7.3% 8.1%
2.1% 3%
1.5%
0.00E+00 : - - : EEOOTEE
Honey bee colony Positive control Megative control ¥rALOO 1 YhALOOA KkAZ0O

19 3-1-5. HemocytometerS ©]-838+ Nosema trichoplusiae ATCC 307029 ¥Apdto} =4

%38l 22 d =l A Paenibacillus larvae subs. larvae KCTC 37440 o3t &t
F2 AWFE L plantarum YMLO0A9] Nosema trichoplusiae ATCC 307029 7
A AA Qs AHE FQ At L plantarum YMLO042] 2] A5 & 1
Nosema A PCRS 539 vasl7]o ¢4 WA controld} Nosema 2]
., L plantarum YMLOO4 +Nosema @A 5 9] 1289 & AW thal 7ol of 7
PCR& ©]&3te] skt Ly 3-1-6).

m _>|L'

My > > of o
Hofo e ox 1@

19 3-1-6. ¥t # wpolg{ A4 Ao dig o] PCR X 23}
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zk Alme 12F9] ERAY] ek Ao F-E PCRe o|&3te] 2dgvt. PCR
5 15%9 agarose gel AolA] 100VE A7 %3] EtBr2 923 UVl A
At} A= control, B== L plantarum YMLO) + Nosema @A & Ci= Nosema
5o g Axs JeE, lane ®2  AFB), EFB©2), W59 (@), Hir),
Nosema(5), SBV(6), ABPV(7), DWV(8), BQCV(9), KBV(10), CBPV(11), TAPV(12)2]
At Axb2 JeRRI, lane 138 bee beta—acting WEATE AlE =olA AFB9
Nosema BQCV®] 5o A7 & 93055 FUAdrh & 43L& 47 & gel o2
2 FYs gel HolAY FF vyl B8 AR Ay o Y3 PCR TFAES

E2 gel oA tA] A7IdE A THIHE-1-7).

S ol
e
>4

o)

A Asjoa] ZZo] FeF AFB, Nosema, BQCVe] 3 PCR FZ &S A3
gel HollA T&e& d7|gsste] L 5% HJEE vl Lane 1-32 AFB, lane 4-6
< Nosema, lane 7-9% BQCV gt Add3E 71z} yehdn], 298382 control, L
plantarum YMLO04 + Nosema ¥ A&, Nosema A8 A 82 o=z yehldo. A7)
9% A+ image analysing system(Syngene, UK)S o] &3}o] =283 vH3E 3-1-4,

18 3-1-8).

E 3-1-4. AWA Aol 0 $% AE Hw
AFB Nosema BQCV

Control 7848 5645 17626

L. plantarum YMLO04 + Nosema 10678 9125 13571
Nosema 9293 14270 14617
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Nosema

Control L. plantarum YA LOOS + Nosemao
Nosema

19 3-1-8.. A& Nosema FAA A&% Al

A719Es AA#E +48 Ay, AFB9 BQCVelAE Ay Hd5E wu & o, L
plantarum  YMLO04o| <& <33k wolttar Xyl wwgk WEE Y. ¢
Nosema®] 74-F control® ¥la & v, F+ F7 AP A5 EFA Nosema =
HEFol 79SS F3st9aL, L plantarum YMLOOA + Nosema # 2 A&7} Nosema |
A gk Azl vE T3 AR ves g1k o] 23+ L plantarum YMLOMME 3
Al A ek Azl A8 Nosema®l %ol Nosema®t 2|3k Aol vle] Athe Z& 9]
Eia=

ofr
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A2R FRAFE] A=A 2 o3ty 54

1.

FagAd 5 dF ¥4

Paenibacillus larvae subs. larvae KCTC 37449 743t 2845 el EAld Nosema
of Zgk AdATH S 7R 3 3FFE Aol 16S ribosomal DNA sequenceE o] 83t
FAASE7E 4 AA A g 79 165 rDNA A4 Asds g1st7] ¢
sto] wa WA BAIE(NCBI @ National Centre for Biotechnology Information)2] BLASTZ
AbgERo] AAIEY Y (ClustalW programme of the BioEdit software (Ibis Therapeutics,
F % Leu citreum KM202 full genome
5

Carlsbad, CA)(Z1¥ 3-2-1). Ad FgdA S5
A4 Ashs Ay 3-2-2).

sequence’} H oIl w1212 EAAEEFA
100 I L.plantarum_PX358

q L.plantarum_PX208

78L L plantarum_PX310

L.plantarum_PX342

L.plantarum_YMLOO1
L.plantarum_ATCC14917T

=

2 E.coli_ATCC

02

chromosome
17962584 bp

19 3-2-2. Leuconostoc citreum KM209 full genome
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il tH TAE BioDye® Terminator v3.1 Cycle
Sequencing KitsS o|-&3Fe] Ao upe} AdF9 total DNAS 2 &9 TE buffere] 3|
A A7l & PCR ¥H$-& gt} PCRYFSS 10X EF-Taq buffer 2548, 10mM sNTP (T) 0.5u¢,
primer (F-10p) 1.0x¢, 0540, primer (R-10p) 1.0uf, EF-Taq (25U) 0254, Template 1.040,
DW 25u% #7}ste]l whgaty. S22 xzT#" ¢ DNA mini cycler(Veriti' ™ 96-Well
Thermal Cycler, Applied Biosystems)ollA &gt PCR ®F8 %712 WA 9B TolA 158
7} denaturationdlal, 305=7] &9k 95T Al 20%3}F denaturation, 50Tl Al 40%3}F annealing,
72ColA 138 30%3F extensiondte] mpxEo 2 72CeA 583 extensions T3 vHE
3-2-1).

jus)

16S rDNA PCRE (3 %3 Il &
= A

14
2 rlo

[o)

RS

3£ 3-2-1. 16S 1IDNA A EEH & &3 454

_| |

strain Genus species Homology

YMLO0OL Lactobacillus plantarum 99%

YMLO004 Lactobacillus plantarum 99%

KM20 Leuconostoc citreum 100%6
2. AN $5HTO AAEA

Paenibacillus larvae subs. larvae KCTC37448} Nosema trichoplusiae ATCC 307021 %
o FasEE M 779 A 54 2 A AL mE ddeE s SAYY. 4 #FE
121 ColA 15 mins9t Edt H pH 65% FA 3 MRS brothel]l 1 % &8}, 347 -4 0
2 samplings AA @t ZF A 708 sampled 5AHFY] A ODgom @ A+, vl
gt =4S Q8] paper disc assayE A F )

o
=
an

¥ 3-2-2. AY ¥ Lactobacillus plantarum YML0O019 E4

P. larvae subsP. larvae®)

AlZE (hrs) ODé0onm At pH ODegnm( 722 28) gt 24 (mm)
0 0.077 9.80E+0> 6.1 1.353 -
3 0.089 2.30E+06 6.0 1.202 -
6 0.191 1. 70E+Q7 5.4 1.162 -
9 1.234 2.90E+08 46 1.023 -
12 2.126 3.20E+09 4.2 0939 -
15 2.195 4.10E+09 43 0.142 16
18 2.381 5.60E+09 4.1 0.150 16
21 2427 6.20E+09 4.1 0.135 22
24 2.447 6.50E+09 4.1 0.165 17
30 2427 6.10E+09 39 0.158 18
36 2536 6.90E+09 39 0.398 19

Tetracycline (100ppm) 9 A P. larvae subs. larvae® ODgonm : 0.136
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O
\
5 \ @]
Z v}
< g
o 0 H]
.- S e O = o Lis 3
T=Q===
F1
- 05
== 0D600nNm
2 3 0
0 3 6 9 12 15 18 A 24 0 36
48 4 - 7.00E+08
i I 5 2 (mm) 6.00E+08
——4 A
= - SO0E+09
£ o
E 3 8
b4 - 400E+09 =
£ A
S b )
% 3006409 &
4 B 3
=

2.00E+09

I I I I I I -
T T ™ T —~ 0.00E+00
15 18 21 24 30 36

0 3 6 9 12

3 3-2-3. A7+ ¥ Lactobacillus plantarum YML004 ¢ 54

P. larvae subsP. larvae 9

AIZE (hrs) ODswnm At pH ODeo (22 e (mm)
0 0.068 2.30E+06 6.0 1.028 -
3 0.094 3.30E+06 6.0 1.230 -
6 0.163 8.60E+(07 6.0 1.217 -
9 0.729 1.70E+07 56 0923 -
12 2071 1.29E+08 44 0.745 -
15 2.458 2.00E+09 39 0.221 18
18 2.680 3.40E+09 3.8 0.174 19
21 2.710 5. 70E+09 3.8 0.154 25
24 2.902 6.00E+09 3.7 0.167 24
30 2742 6.02E+09 36 0.203 22
36 2.856 6.00E+09 36 0.193 22

Tetracycline (100ppm) 9 * P. larvae subs. larvae® ODgonm : 0.146
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3 3-2-4. A7+ ¥ Leuconostoc citreum KM209] 54

Activity(mm)

6 [ o=k -]
~

pH

4

28 4

23

18

15 4

- R (mm)

“—uzs

30

—#—0D600nNm

36

- 7.00E+09

- 6.00E+09

- 5.00E+09

- 4.00E+09

3.00E+09

2.00E+09

1.00E+09

0.00E-+00

(lw/n4o01122 2an

AIZE (hrs)

OD600nm

A

pH

P. larvae subs. larvae

724 (mm)

OD 600nm (H2=)
0 0.030 0.20E+05 6.0 1133 -
3 0.054 6.30E+05 6.1 1.085 -
6 0.045 8.00E+05 6.0 1.143 -
9 0.09% 1.20E+06 6.1 1.081 -
12 0.204 1.78E+06 0.2 0.633 -
15 1.208 6.80E+07 46 0.180 -
18 1.842 1.70E+08 45 0.170 13
21 1.862 6.90E+08 44 0.157 19
24 1.936 1.40E+09 41 0.176 16
30 2131 3.10E+09 42 0.200 16
36 2.159 2.60E+09 42 0.224 14
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o

t 25

k2 Q
v
I 3
2 P15 3
3
bl
J ! -
/ p k05
4 =0 ODE0Inm
1B=0=g=F ‘ 0
0 3 § 9 1 15 B A M )] ¥
e - G00E+09
AJ 4
b 500E+08
3 -
~
5]
£ b A00EH09 D
E 34 =
L 8] -
.'E. 78 - - MDE+D§E s
2 = e
s 3
g n- =

r 200E+09

r LOOE+09
13 q

- 0.00E+00

Frgde AdE o5 3% 2 21A7F Al d A w5l A L plantarum YMLO01 &

oot

22mm, L. plantarum YMLO042- 25mm, Leu. citreum KM20-2- 19 mm= clear zone diameter
7b S50l A I Eds Ut AEE #F7F Paenibacillus larvae subs. larvae
KCTC3744 awt=-& 78 ZshA vebdl wlYE AlZkol 21A17 ol e v =2 Paenibacillus
larvae subs. larvae KCTC3744 A73E A4 Ago] A F5 A5 A2 harvest times 214
Foajko 2 FEFrHE 3-2-2, ¥ 3-2-3. ¥ 3-2-4). L3 FAA HEGA ol FH M
9 7 #FY FagA S vug 23 Al dF s w549 g go] Y AL
grh(E 3-2-5).
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¥ 3-2-5. HEHA 0| ZFA 3 Aty ¢ 0 A v

L. plantarum YMLOOL L. plantarum YMLO04 Leu. citreum KM20
45 55 45 55 45 55

Loading Clear zone Loading Clear zone Loading Clear zone
E5HR) (mm) (F=) (mm) (FEul) (mm)
50ul (x1) 0 50ul (x1) 0 50ul (x1) 0
100ul (x2) 15 100ul (x2) 15 100ul (x2) 0
500ul (x10) 22 500ul (x10) 25 500ul (x10) 19
100 ppm tetracycline 20

3. FuF lF Al W3 vi= F-AY AAt AFefA 24

Paenibacillus larvae subs. larvae KCTC37449] #leF ZA Aejol A AWHEA st 45
o] g8 YolWy] Y3le] sHEA S HFF 3E AT IS Hylsle] HAF WIS
#A2Zd Yy Paenibacillus larvae subs. larvae KCTC37445 3% HEsPow, v 272

100ml, 37°C o|t}.
Paenibacillus larvae subs. larvae KCTC3744¢] wiEA| 2 3 1A 7FA] o] Add §2HF 32
o gatddol 7h 48k 2143 WE e ds W Al 10%, 20% #H71eo

ODgoorn SHEE AU

0.4000 4
0.3500 {
0.3000 -
_ 02800 4
H —& - ¥MLOD1(1 0%)
S 02000 - THmscE - MLD01(20%)
—a— YMLODA T 0%)
01500 | —& - YMLO04(20%)
| = = KM20(10%)
01000 1 —e—KNMZ0(20%)
——KCTC3744
0.0500 -
0.0000 + : — —
& aE s S
SO S & ROMIC S SR S S
o

19 3-2-3. Paenibacillus larvae subs. larvae KCTC3744 AF 19 =

A gabdel AYe APTE TS Agan ge
subs. larvae KCTC37449] 74 (-m)g A A|HoH, E3
27, 8= °F 70% AR AAS AAA 3

A& F-Bt} Paenibacillus larvae
L. plantarum YMLO04 (20% =
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al

=3

A3 A7 8rd FRIAFENY A 7S 2= £

r.lf

)

54 o

KM20Z& Z+7zF 1L MRS AR o)A 37 C, AAzxAoRE 21X7F vt vt wjtd 24 &5

)
@9l MBS 6000mm, 4 T, 158 QA stel BEAt TAE Fe F ALY 53
0

Els }B]'%QEQ] IM NaOHEZ ﬂﬂ DH‘% 6.3~ 6.8% 5’:7@ 8]—04 %ﬂ-:} —_5,‘— paper disk agsay-% /\]
A THE 3-3-1).

# 3-3-1. A5 599 0.1M NaOH= 533 A5 599 ¥ Ao

L. plantarum YML001 L. plantarum YML0O04 Leu. citreum KM20
clear zone diameter(mm) clear zone diameter(mm) clear zone diameter(mm)
x10 &5 0.1IM x10 &5 0.1M x10 &5 0.1M
A A NaOH A & +5d NaOH A& R NaOH # &
22 16 25 20 19 16

=3k A el 01IM NaOHE A2 A 108 5% FedRrt L plantarum YMLO01S &
o] 28%, L. plantarum YMLO042- 20%, Leu. citreum KM202 16% gt Aoz e

RN

= o Y

= =1
s, gFEEel g S8 A AR e BB £39 w5

=i =T [€]

¢

ol
flo

ok, WSk gt Edo] peptide’d EANA] S 7] 918+ bradford assayE €% Sl
o,

248 2
AEA W 9 0 rHEY 3-3-1),

E

£ . = YMLOC4
y O YMLOO1
£ 1 8 KM20

"I e e e
oH 2 EH  EBH

12H 15H lamH 21H 24H :
Time

1% 3-3-1. bradford assayE °l-§¢ 99 FF 4 (YML004)

~

Aeolol g EAS FE317] 98] hexan, chloroform, ethyl acetate, butanols &v|= 3o
w2 s ow (9 3-2-2), 8 " T2 UYESH 5 paper disc assay (500, 37 T, 24h)=
GAEE S4I0
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7}, Lactobacillus plantarum YMLOO1 A2 &4 &4 27 2 A=A
e J $eaFE A9 L oplantarum YML 0012 1L MRS A=A 37 C,
AAZFA0R 24 A7F ek ok %R L plantarum YML 0018 6000mpm, 4 C, 15 ¥

A4 sho] Aoy #AE By F AREIY. Aed dd=dE FE8] A9
hexan, chloroform, ethyl acetate, butanols &v|= o] #7 9o, Eg @ =& 7
&= $ paper disc assay (50w, 37 C, 24h) = FAEE A 3,d F5H A
g 872l ethyl acetate® 23] e F& & AYFEHS AN o] FEEE A
ethyl acetated] =91 ¥ ethyl acetate-methanol (1 : 1), ethyl acetateE A7) &v|= 3}
preparative TLC (thin layer chromatography, Merck, silica gel 60F254) % o]-&3 &A=

Ao el AAgY. GAHEAL E4= UV detector ¥ 12-Molybdo phosphoric acid
n-hydrate XA ko= ST} e FAE Hste] 1gd FEEE ALY
silica gel column chromatography S A3t} o, ethyl acetate-hexang &w|AZ= 3}
of gAHeR F4dEve H&E l‘lol‘ﬂ/ﬂ (1:5—40:1) column chromathgraphy
(22x20cm)E APt 53 B2 TLCE ol &3t B4 £AE FAd & 4 &
38 FAHAANE AAEY @A HAAE BHI soft agar (0.75% agar)oll  Paenibacillus
& wj xS AF&38te] paper disc assay AAFom ow A
P38 dddg. gAdsde =2 g3t4 A 2As
] .

larvae subsP. larvae 5% &
e AAREE FHsto] &4
7% FAS A fete] @Al YEuE £3& AES F nuclear magnetic
resonance (NMR) spectrume St olw, &454dE CDCl; %A F  tetramethyl
silane (TMS)S WHEZEEEAZ 3o Bruker NMR spectrometer (400 MHz)Z &4 A
A8ty L plantarum YML 00194 H#3 aFE4de g i Ezo|glon,
ethyl acetate, butaonl o= 7F8/do|u} hexanoll A& E84% ALoE LEYLT

IWn& &“rf

26 -
24
22
20

. 18 -

E 16 -

FORLE

> |

2 12

t

< 10 -

2 - ; : 2 S
43 o5 45 o5 45 ot
hexane ethyl acetate buthanol
Solvent

a9 3-3-2. A=A FES AT &9 A9

r (

St e FHEv| 2= Paenibacillus larvae subs. larvae®)] 7574 ¢] ¢l hexan, ethyl
acetate, chloroform oA At EHE F5 & F AT ethyl acetate’} A& = AT 1H
3-3-3).
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StEd e AAE H3te] WA 1L wjstde ethyl acetateE 713te] 13} 58 Al

o] EtOAc : MeOH= 1 : 1& A/ &d= Adgs 23 2709 Spots

ethyl acetate AF-&3}o] 23] W& = A st EdY FES 939 butanols &1
3}

= it
2 AMgEY FES AR FEd 229 E4= TLCE Adste] BQlsh A3 ethyl
acetate onlyll Al 2719 spot& &<l & 4 YT

FthwiAcatam

s

control Hexan!3

Buthanol

19 3-3-3. 7718wl disk Paenibacillus larvae subsP. larvae® 7H74

Culture broth

EtOAc extract (11)

preparative TLC
(EtOAc - MeOH=1: 1)

EtOAc extract (11)

preparative TLC
(EtOAc only)

BuOH extract (11.) EtOAc extract (11)

Silica gel colum chromatography
ethyl acetate-hexan
(1:5740 : 1, Strepwise)

NMR (Bruker NMR spectrometer (400 MHz))

19 3-3-4. Isoation procedure for Lactobacillus plantarum YMLO0O01
3%t garEA UV-visible % 256nmollA HUE v ow,
[e)

Mg FEAonRY F
of Aol A A uhg-e LERNSITHE 3-3-2).

ninhydrin, molyhden%
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¥ 3-3-2. Physico—chemical properties of Lactobacillus plantarum YML 001

Analysis Properties
Appearance Yellow
UV Apaim 206
Colour reaction
ninhydrin positive
molybden positive
Solubility
soluble Butanol, CHCI3, EtOAc
msoluble hexan

1g9 5%& 4% silica gel chromatography(open column)® AAE A &3 A3} 10~16
WA =l £¥ HAew paper disc assayZ FdEEAE YERHAT
Paenibacillus larvae subs. larvae®l thste] 3 Es 71 & 95 TLC AAste] &t
EAE A & 24 Wi BEE AR 23 103 119 oA 278 o4
spote] LAF AT NMR 412 $J3to] v E4o] &3kd 10, 11 85 A< 12~16
3ol gheto] AdPHAY. Fd=2 e Fx= proton-NMR spectra®| spectrum &4 <
93le] 3 A} proton-NMR spectra®] 314 23}, 4ppm 5§29 aleohol”] ¢ 1ppm 5-
ol methy”] & ¥5< 4 U2A3L 4ppm3t 1ppme| H]&L 1302 YERETHIY 3-3-5).

ox.

2 O

o

1% 3-3-5. proton NMR spectrum

GAEAS A CDCl3 %9 ¥ carbon NMRS 23 3 A3 20ppm, 60ppm, 180ppmeoll
A peakE B 8 = vt (29 3-3-6). Proton / carbon NMRE F3&te] E2o
% BAE A Pgenibacillus  larvae  subs.  larvaed]  WEte]  dFES JHRE=

Lactobacillus plantarum YML0O01 A4 &2 L lactic acid®t f-AHSH B4 2 stots),
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T T T T k T g T E T i T T T g T T T g T E T L T T T g T T T T T T T
PP 170 160 150 140 130 120 110 100 a0 a0 70 60 80 40 30 20 10
ZursorFreg= 39.97607 PPM Spect Int.= -5203.960 Wertical Scale=  0.00347

1% 3-3-6. carbon NMR spectrum

Y. Lactobacillus plantarum YMLO04 A=l&4 E2 2 4 A4

g H SR AdE L oplantarum YMLOMS L. plantarum YMLOO13 S Q3
ZZ(1IL MRS HAfA| A 37 C, BAZ)0 2 24X wi<F ot i ¢E L plantarum
YML 0045 6,000 rpm, 4 C, 15 & A4 st st A& 2 §F A &

Sl FAEAS F%37] el hexan, chloroform, ethyl acetate, butanol& &v = 3}

of B gdoen, B ¥ 2 #E= T paper disc assay 60w, 37 C, 24h)= €4
L5 S0 FEEY U842 BuOHdA A& BoH EtOAc T-FolA % o
a2 G0l vehheE Aoz FQl HAT(ay 3-3-7).

Activity[mm)

2= = 2= = T o= =N
[= [=] T O 1o [= [=] o 1o (=1 = T O 1o
hexane | ethyl acetate | buthano!
Solvent

B g ATde o fro 2Z2R9 Ay 93} ethyl acetate® 23] ¥HE 23 4
& ZF& A BuOH/ILE AH&3te] 5 F AshsES AA g



o] F+EES 2mle MeOHol| =91 3 ethyl acetate-methanol (3 @ )& Z7] &vjz2 3}o
TLC (thin layer chromatography, Merck, silica gel 60F254)E ©]-&3F &4 &4 &2l&
AA Y, A Ede E45 UV detector ¥ 12-Molybdo phosphoric acid n-hydrate %
MAjko 7 ZAEA LY 3-3-8).

[ mfi'é’:u"m:m }Q:m
\m@k T m—— J

e

<j:|

f st
| e [ w |

a9 338 FHEA 5% @ AA BAE

i s doZRE F&3 e UV-visible S 206nmolA A& vEWo
o, ninhydrin, molybden, Bromocresol purple®] oA A]ofol A kA 6kE-S- e}
(% 3-3-3).

3% 3-3-3. Physico—chemical properties of Lactobacillus plantarum YML004

Analysis Properties
Appearance Yellow
UV Mxim 296
Colour reaction
ninhydrin positive
molybden positive
hromocresol purple positive
Solubility
soluble Butanol, CHCI3, EtOAc
insoluble hexan
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otk
=N
it
i)

o] AAE 93} 1go FE=ES A28 silica gel column chromatography &
gt} ol ethyl acetate-hexans &VAIE dlo] ©AZ o2 olEAte] =4 &< H]
=o|HA (3:1 — 1:3) nomal phase column chromathgraphy (22 x 20cm)Z&
JUHE 3-1-3). 53 F88 TLCE o]&3le] 249 &A4F Qs & 71 78
JAANE A EY 24 A AR BHI soft agar (0.75% agar)oll Paenibacillus larvae
subs. larvae 5% &S WX E AL paper disc assay AA o ojuf AHHE ¢

Aol A7|E FAs] &4 FE& dddoi(E 3-3-4).

l
PF

& o
ol
30 f

]_

wo mx Mo

i)
z

E 3-3-4. ol &4 £
Fraction no. solvent &3] 2} A g (mm)
1 Hexane : EtOAc 3:1 -
2 Hexane : EtOAc 2:1 -
3 Hexane : EtOAc 1:1 -
4 EtOAc Only +++
5) EtOAc @ MeOH 3:1 ++
6 EtOAc : MeOH o1 -
7 EtOAc : MeOH 1:1 -
8 EtOAc : MeOH 1:2 -
9 EtOAc @ MeOH 1:3 -

Zy7} 9] fraction® JA$H-S #23 A3 EtOAc only?t EtOAc @ MeOH = 3 : 1 fraction
o4 (no 4, 54 22, 18mme] A $ko] YA = AL 3-3-9).

19 3-3-9. fractiond A3k

H zAbsh F2 B4E WA fete] @40l ventb: B3

y =

S T EE 5 HPLC 45 AAFY. o]sA2 DW : acetonitrile(50% + 1%formic
a
(@)

545 AAE 243 378mindl A @Y peak7t SAHATHZE 3-3-10).
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<R
=1l

4
AW=tD

hw

a9 3-3-10. HPLC &4 434

HPLC #4dA 53¢ o9 peakd E4S MBLOIR #HHIch FdaA B4
MBLO19] A4E3s & A& $18 MALDI-TOF(Matrix-Assisted Laser Desorption
Tonization—-Time Of Flight) ¥4-& A A gt} Matrixol] 93l @28 7150 E Ay
ol A laserE W # A matrixE ©°|F+= =4-& lonizationt7]E W=, o714 o|-3d
matrix7} FHE Hoks AZE AolAA AEY o3 E FX3 o EAbol = (M-,
MH+, M-Na+ )¢l A7]%o] Ad F3H{light tube) olE3tAA Zt7te] m/z vl&o o
g} ol 53 Ayt g¥R R, A detectorel] EEdE A 7EE0] EE¥lA W, o] AHE
time of flight#}al 3} 9FxF2 TOFZFal 3t} National Sun Yet Shun University
(NSYSU, Kachsiung, Taiwan)ol] ¥4 9 8& 39t}

i, A

W

[}

=

L
A5

3

n

»

i

(

3

3

h
=]
TR S S A S B
%éﬁ:n
&

o -]
3000 3500 2000 4500 so000 sso00 G000 6sS00 To0o TS00

T Sample 5 SA as matmaD_ D Lin, iSasetine subts

Tnteus. [an]

A1

S000 |

G000 —

4000 —

2000 —

A0

o —
3000

EL T sSs00 G000 6500 To00 Ts00

19 3-3-11. MALDI-TOF &4 23
A MRS(Difco, USA) medium peak, B : L plontarum YMLO04 ¥l 459 peak

" 3500 ' ' 4ooo ' asoo
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gted =79 MBLO1S] MALDI-TOF 4 A¥ fibet &2 # %]l MRS} &Y
BAES 7 7 309 peak ]9 vhE #FAEE 7R 271K =49 peak’f YERSTE L
% 6606.648 m/z9] RS 7 B4 lactic acidel™, 5043464 m/zo EAEE 7R
& ol & & ASdtH(ay 3-3-11). W&t =249 T/ ¢ + o, A
s 0E Edol EFH A & F IATH wepA AEEAZ L plantarum
Bt} L plantarum YMLOOAo] © ZAj2 7} 7F Qdvba Alg s o] o)

A

2. Probiotics 29 EA

7}. bee-probiotics® &4 ¢ w4
Ay B 93 }endocellular Y= exocellular 1% #l1st7] $1gte] Akt
Aol st #AE B 4e A2 filtrationd H 504 & 5sko]
= Ejokals} 7222 pH45 0.2M potasium phosphate befferet &33F3F 5 %5
dafete] 108 w5y F5¥E A B paper disc assayE Al d et
3 Ao qnt gFdAFol dlernz My 2248 exocellular substance

jus)
_
= o2

1% do @N
to A:H

4% 2 2
WA B FREAS N5 A cell o] BB BARD 3 ¢lo] gl
oRT B FFol folste] B4 Aol M2 West 9 A0E AmAch

Y. Thermostability, pH stability
508 w&E AEdE 50 C, 70 T, 100 T 7} £%oA 10min, 20min, 30min, 60min /
121 CTollA 156minger €32 & 3] paper disc assayE & TF H3F pHEA S 7; pHel 3
33 buffers: 02ME 248 w39 Ao Xg3dle] 24hrsot v8 5 pH 652 %3
3to] paper disc assayZ Al 33t}

¥ 3-3-5. 2%/ AHE AP & FH g v
A7 e / Az A L. plartarin YNLOOL I plianin NI
AA 2 A5 (mm) AA 2 A E(mm)
50°C / 10min 16 17
50°C / 20min 17 17
50°C / 30min 17 17
50°C / 60min 17 18
70°C / 10min 19 20
70°C / 20min 18 18
70C / 30min 17 17
70°C / 60min 18 18
100°C / 10min 17 18
100°C / 20min 17 18
100C / 30min 17 17
100C / 60min 17 17
121°C / 15min 17 17
Tetracycline (100ppm) 17 17
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daz Adwd 2de A, pl 24 & stoln I Edeol A5 AL Fdssle
W 5B Zdol kg ALEEH 3274513 AHgE A& AdEdle W pH o stability
spectrum©| broaddt2z 9| F- A=tel] bR B AF-e] o] AARFHIMAR At AR

Ao (& 3-3-5, &, 3-3-6) (L9 3-3-12).

¥ 3-3-6. pH W3}to] W& FEAT vl

L plantarum YMLOOL L plantarum YMLOM
pHbutter A8 A% {mm) A8 A% )

2 (0.2M citrate buffer) 15 15
3 (0.2M citrate buffer) 15 15
5 (0.2M acetate buffer) 15 15
7 (0.2M phosphate buffer) 15 14
9 (0.2M tris-HCI buffer) 15 15
11(0.2M sodium carbonate buffer) 13 14
59 pH (pH 46) 16 16
Tetracycline (100ppm) 16 16

t}. Enzyme stability
50Hf H=% AFeolol] Protease K, Lipase, Trypsin, Pepsin, a-amylaseE® x#3}e] 3 hrs
oF W-&-A171 & 100 CollA 10min 3+ &4 EEA 83 5 paper disc assayE Al &35t
(3 3-3-7). 2 A%, A =242 9 589 &hd o8 Aol Wg Aes FAsH

o (F 3-3-8, 19 3-3-12).
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# 3-3-7.5%9 24 Wg =2

Enzyme Activity temperature Activity time
Protease K 45~49C Shr
Lipase 37¢C 3hr
Trypsin 37C 3hr
Pepsin 37°C 3hr
a-amylase 37°C 3hr

¥ 3-3-8.5% 849 TREA W o2 FJAIA v
g A A F(mm)
Protease K + YML001 “3% <l 17
Lipase + YMLOO1L 5 16
Trypsin + YMLOO1 A5 ¢ 17
Pepsin + YMLO01 45 <Y 17
a-amylase + YMLOO1 45 <Y 18
YML 001 %5 17
Protease K + YML004 73 % <l 16
Lipase + YMLO04 5 <4 16
Trypsin + YMLO04 A5 ¢ 16
Pepsin + YML004 %5 <4 17
a-amylase + YMLO04 45 ¥ 19
YMLO04 -5 <4 18
Tetracycline (100ppm) 16

19 3-3-12. TREAFH} 5% §49 Z8d o= AA sl
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o} il &
FHEAY B A A e E3AREo] AYA] &A&E 2AFE] {8t 7]Edd AR
+ YA Tetracyclines S5 579 Asdd <A HEE Tt IS AP E

(D) Akt BT A - EF kAol et A A
Ayt L, plantarum YML0O01, YMLOOA3} WY+t Paenibacillus larvae subsp. laevae
KCTC37447} Tetracyclined] W3 74 F%E sy, 2rANEEE 47 Yoo
Minimal inhibitory concentration®< A&t} TetracyclineS 1.0 x 10°ppm, 1.0 x
105ppm, 1.0 x 104ppm, 5,000ppm, 1000ppm, 500ppm, 250ppm, 100ppm, 50ppm, 40ppm,
30ppm, 20ppm, 10ppm, Sppm ©¢ =2 AR ZF o] HEA R soft agar(0.75%)&
5% 23 & 7} T2 °oFAE paper discdl FFAA assayE s AASe AR
RS gy, o 23 At L plantarum YMLO01, YMLO04AS Tetracyclineol th
3 AL 7R = Ao Vet WATr Paenibacillus larvae subsp. laevae KCTC3744
2. Tetracycline 20ppm® & %5F-H clear zone¢| FAH o]& HA Tz AYd oF
A B3 Ao AMgFo. A L, plantarum YMLOOL, YMLO04 F w5 =
Tetracyclineel &= Wdol 7] wfZoll = wljekol] o] &3 A], wAx]ol] Tetracycline
Al 4o Hikstes Aol T oA A s AoE B

o

=3k kA 9} Probiotics®] &3 W&ol wE drdy 8 4l
At e] 508 =3 Ayt HaodAw =9 Tetracyclines v &
| 9_14 5

At th3k paper disc assayE A 3

¥ 3-3-9. Tetracycline® Lactobacillus plantarum YML0012] &3 n]&

A Tetracycline (20ppm) YMLOO1 <] ’S% of YMLO01 ¢ ’S% g
concentration concentration concentration
A 0 100 100
B 10 90 90
C 20 80 80
D 30 70 70
E 40 60 60
F 50 50 50
G 60 40 40
H 70 30 30
I 80 20 20
] 90 10 10
K 100 0 0
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¥ 3-3-10. Tetracycline E¢ALEd] w2 syt SA T W3

. =4 2 ng L plantarum YMLOOL L plantarum YNLOOA
° (tetracycline:’d-s <) A3 A2 (mm) A A E(mm)
A 0 : 100 16 15
B 10 + 90 16 16
C 20 © 80 15 15
D 30 : 70 15 15
E 40 : 60 14 16
F 50 : 50 15 15
G 60 : 40 14 14
H 70 : 30 13 14
I 80 : 20 12 13
] 90 : 10 12 12
K 100 : 0 11 12

19 3-3-13. Tetracycline EgAL&d] & HZ &4 &

_4

mel A8 Bk, AEA Wgo] Hopas

ol
W, 94 EF WS ol gelAt o oy el =

20ppm Tetracycline® 522l =3+ w

5 A ge] A7t gAA o R FIHEX

A

R <2

77k AXA QR Wek T EFNLE 50 1 50 (vweleh A HTHGE 3310
a9 3313, AEEeld B #Fe A S4e Ao fAd Aoz vedon fhs)

dotAANA L plantarum YMLO04o] Z+ Hojw Ao = vepytt}
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9 3-4-2. A A hiveE AHES 4x8 sector
A AFAL 4x8 sectorE: AHE3H A o|H | hatching rate A Ao &
Ad Aot} cello] o] F& ¥ 1 Al7]o me} larvaed ol Al
Aol AA % AAH| cappingS HA B A T AFHQ @
Ao| AP o] oln haichdt RAE 27FA 7oA e

Ix8 sectors T w AEA dEdATAolA FH
7F XA o] HHE capping ¥ hatching®] 7l
SN S gepA] = e AE wded YEF

AT wepAd 2 A A= ARE A JAE A
AaL, ole mE A& AWE 3ekste] o] 5o HEe A}

cmB o] AALZIE 07 T 93
] Ao hived] A3l wz)
+ drug testll&= E|g ol

ek 4= gl A2 sector®: A AT
&

—h i
K3
o EE
rE -
—|—’ o Ol

1x9 sector® 7FEE 379 cello] S0l # AmE Fglom ARZ 1679 cellel ZFH®
£ Gk w3 AAN BAZ cell Aol AT or, 09 cellBhe A% o 3
Sk (719 3-4-3).

N § T SR

i i
| me.-:.x-...-}... ¥

a7 3-4-3. 1x9 sectorE |43+ Capping rate] &4
BT 1x9 sectorE AHEE Aoln B%E capping rates EAAd Zdd Aotk 99 AFAAA cell
o] o H-i-L& larvaedelol A B0l AA = HAAHO| cappings st & RS HolFH, 53] 20
F A9 AP olA cappingol AAHE Bt FEHFAS B FAD T3 celld AHA =
larvae7t AL Y& A& B 5 dov AN celld A= larvae7t AAH o] AAH S v &
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3k probioticse el & o
AgoA 1 WAy, g&F A

Xigé.ﬂ | & %—Qi D‘r% 'J Agol 7hed Ao m 7|t

o

A2d AFB (American Foul Brood)ol w3t egg % larvaeE o|&
test®] Z¥E YEUATHE 3-4-1).

ied
oy
1o
.
i
o
~

probiotics A 34

[0

3 3-4-1. AFB U Egg$} larvacs ©]-8& % probiotics 259 a3

Probiotics Probiotic

extract’ boiled™ AFB spore” Dw™

AFB spore #7|%& 1ul 1 ul 1ul 0ul
A cell 400 400 400 400
capping® cell 64 109 128 352
capping rate 16.0% 27.3% 32.0% 88.0%
hatching® cell 8 11 35 313
hatching rate 12.5% 10.1% 21.3% 88.9%
Survival rate 2.0% 2.8% 8.8% 78.2%

* AFB spore 1 ul 8%} Probiotics extract 9 ulE 7z} celld] £
** AFB spore 1 ul -’F a3 Probiotics boiled 9 ulE 7 celld] 59
*3 AFB spore 1 ul T893 5T 9 uls 7} celld] F9
*4 Distilled water 9 ulZ 7z celld] F9
A7)el AEAE Aol sdaygs A S AEs Aow Abek 3¢
o[tfel AFB spore®] A= A5 A AP T} AFB spore A #lel g tf
27 AEES H50% FEOE W= b AYI w=#o] 27EHAen, A3 AFB spore

o~ —
F%E (colony forming unit)& 23] S AFdAol A= 85U

s

AFBO] 4L larvaed ¥#Ho| o4
= AR A Ut 41 A¥ d
probiotics 2o AFBel| w3 Aot gsy} = 58 47
g APl ofd A =3 probioticsell W MEHAEHE A
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2. Bee egg @ Bee larvae©] 93 probiotics$¥ 8.9 A &A teste] AA 2 A-&(Nosema)

L ox

é'_]@u oz Z;Gg]_jy_x]_ z‘sﬂq_ H N@mg ;\Hio] FokE oﬂ:}u]—m o=, gmg oF— ,ﬁ_%_
q7)->4 %] o2& B7e WAL o g3te], del o4 Folg} vha HHow

[e]
TR FASA, 71954 S8 s oAt @ Aou(dE 3-4-2). o A3

T

St
Mol olF Wil o WMEEAddgolst Wsslon, A5 of olFor 7| AT

Nosema’d 4] gt probiotics $12.2] A3A testE bee egg % bee larvaedl st WHEj=
>

e

ES ke

Time (lapsed) stage Treatment
0 Insertion of new comb
1- Oviposition (Egg) Take picture & counting
3- Larvae Take picture & counting
h- Larvae Treatment of drug
6- Larvae Take picture & counting
9- Capping (pupae) Take picture & capping rate”
21 Hatching (adult bee) Collection of individual™

Nurse bee, worker bee Take picture & hatching rate™

+  capping rate= 4 capping@ 9l 9Yx}7} obd 10U abe] Al AL

o ZF A QS Yt NE TS AXT

#ex hatching ratet= o) hatching®¢) 219347} okl 2093be] A5=3te] AFIHZI7E AAE hatching
S golsta, 2UAbo] AEA hatching® cell 5 AFe & AXS

Nosema 7395 (Nosemasis, Nosema apis)®l] W3t egg 2 larvaeE o] &3 probiotics A &4
test®] ZA3E YERNATHIE 3-4-3). o] AL ¥ 3-4-29 A7t we} A Ae Aol
] probiotics 2%l et &35 HAI Aot}

¥ 3-4-3. Nosemasis®| gt Egg 9 larvacE ©]-&3%F probiotics 259 &3

PZEE:;&ES IESEZE&C Nosema spore”™ DW*™
Nosema spore 2] & 1ul 1ul 1ul 0 ul
AL E cell 7 400 400 400 400
capping® cell 297 325 318 342
capping rate 74.3% 81.3% 79.5% 85.5%
hatching ¥ cell 236 282 216 309
hatching rate 79.5% 86.8% 86.8% 90.4%
Survival rate 59.0% 70.5% 69.0% 71.3%

* Noserrn spore 1 ul 7887} Probiotics extract 9 ulg 7} celloll o] Noserru spore -&4& 76 spore/ul 2 A5,
# Noserr spore 1 ul 83} Probiotics hoiled 9 ulE 2+ cellol] 5o

#3 Nosena spore 1 ul -85} 254 9 ulE Z cello] Fof

*4 Distilled water 9 ul& Z+ cellel] 5o
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Nosemasis®] 3 probiotics 2% ¢ &3+ Probiotics boiledo] A B A3 $-AZ e o,
SAAoR Gouavta e = gt E8 Nosema sporeihe] Fofol A= 7hdo] of gt
HEl S0 e 10%0lUe] BaZ SAH] Nosema 4ol o3 Me A &3 A=
o) EAl FHAY o]i= Nosema apis® 7ol adult beeoll thdh whAdA AWoz fFo 9l

B3l AR HE AR e r @ AL HoFs Aow FMAY Nosemasisd

s

3. 12 A% probiotics¥1.9 Nosema s+ A4 2 99, 958 A4
2 AFolME e e Nosema A& MAlT A4S 9819 A ZF real-time PCR
WS A8 ol B HAldA 7 T3] H = probioticsel] 9g G 9 A5 EHE A
FAOoE THY F dv AL E Ao, 2 & 4 89S AT & JdE AFEE AL
T7F 2 5 s Aoy wiitoltt, A¥EA EE =Avl Fo] ¥ PCRELS 8+ o H4
ol g P 49 Aty FAE JYsA AT F A HAoH, o] shdE Ay
& ©° ¥ probiotics®| AEEH} FH Tl F#3] &8+ A A
odATolA AbEE B AlEE U FEEtdA At e F44E UEE A H
T AES A7 FEFdA AFEHI e EHES AMRT o] ARES e
of mAe FA oY #EA FHA # "AuE HALE £ skelow, 74 524 DNA9
TR AMgEd e, Bt A -T0TAA B § A9S Fgdr

YA A 9 chromosomal DNA FZ&8, 7149 4 agNa Lyser (Roche)E Ab&3lo] 4
A71aL, A A dAdLE FESE e & AF83}3L, Genomic DNA Isolation
Kit (Bioneer Inc., Korea)E AF-&3o] DNAE 223t NosemaE A=3H7]) $3 PCR
of AF&-F primer %< NCBIo| S&%9|+= Nosema ceranae small subunit ribisomal RNA
gene sequence (Accession no. DQ486027)E 7|E-o2,  SF(2003)°] <& A=2t¥ sense:
5'-CTGCCTGACGTAGACGCTAT-3" ¢ antisenseE WY A|7# A543, oligonucleotide?]
Az (F)nko] .4 2~ (Bionics, Korea)o] <2 #F 3Tt Nosema HAZE°] A3 primers
Nosema-F9  Nosema-RZ, real-time PCRo A$3%  primers  Nosema-RT-F$}
Nosema-RT-RZ 247 WHstslon, A7 EE eI ATHE 3-4-4).

3 3-4-4. Nosera PCR detection 2 Nosera A7V A% PCRI A8 Primers

Oligo name Sequence(5'—3') nt’ Reference
Nosema-F CTGCCTGACGTAGACGCTAT 20 & %, 2003
Nosema-R  CTTCGCTCCTCCAGCTTACG 20

Oligo name Sequence(b’'—3") nt’ Reference
Nosema-RT-F  ATTGGAGGGCAAATCAAGTG 20
Nosema-RT-R AGCTTTCGCTTCTGTTCGTC 20

it nuclectides
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B A8 A= Exicycler ™ Quantitative Thermal Block (Bioneer, Korea)S AF83}9]0H
ZEH AE9 A SYBR Greend AHg3te] %43l Nosema real-time PCRS $13
A4 primer annealing <=9 &S 9389 temperature gradient PCR% 423 3T},

% real-time PCR2 W&o &3S 20i= 319 2xPrime Q-Master mix, ZF 10pmole
primer® 24389 01, DQ486027 (Nosema ceranae small subunit ribisomal RNA gene
sequence) 14nt-603nt(590bp) & pBX vectordl cloning A7 A %3 pBX-Nosema 10° copies &
FYPoZ ALY, HEEFAL2 94Tl A 1083 pre-denaturation A%l ¥, denaturation 94T
15%, primer annealing 50-65C 15%, DNA extension 72T 15%% 45cycles F33t3 o,
o] % melting temperature analysis= 50C-94TCol A =831 T/sec).

Nosema real-time quantitative PCR9 #HA& SAE A7 H3te], pBX-Nosemad
plasmid DNAZ 10°1 copies7}A] 1/1081%8 @A Aoz sAgt 3 o8 FF o7 A3
real-time PCRS 3 dt)h 10°-10" copies? 78 %% Wo|A] 7129 %3} Crgrol A 3Hat
ABPAE A= AL Fasgdui(a” 3-4-5). w3 AAE PCR productES< melting
point analysis® E38 L3 Tm &S 7MH= AE AASFH N 3-4-5).

01

-
B e
| e e
T o = L
P p o | LT
10 .//// = // = //
4 A | | -
1087 1027107 1037 1047 103 1027 | 10L-T
/ o e |- 1
af = / 7
e i — . - B = i I | 1
T T T T T 1 x T T
5 10 15 20 25 30 35 40 Cycle
b 4
I
xI
e
T T T T T T T T T
#0 £ 85 2) 85 ®0 85 R0 M5 EF) W5 20 Ts 0 ME R0 N5 ¥0Ox5 90 o g 0 R ”'va"”?'zi

19 3-4-5. Nosema real-time quantitative PCR9] 7 & 3/
Panel A & 7|A9 %7] 7]12%FS 71A3 593 fluorescence intensity curves® Z1#]3Lo]
™, Panel B 50-94C A S 3% melting temperature analysis®] ZA3ife|t}, =E PCR
productE2 543 Ao =w Yey o temperature of mid point (Tm)+= = F77.73-78.07TC
o] WMo 92}, Panel C= regression analysis® ZA#o]™ initial templates® %3 Cr
values 7F2] 7= Regression equation Y=-0.30X+7.917, Regression coefficient R*=0.9992
= e

St real-time qPCR WS AF&3Fe] AA wAvl d¢do] &1d
oA Nosema? #ETTS Aoz 4} FH 4 real-time PCRE B¢ ol A
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BE AR AW Asegon, dE 495 £ 49E ARNAE mAtte] Sold ol

5 10 15 2 % 0 35 10 Cycle

304

B0 40 495 520 A45  B/0 835 E20  B4S BTD B85 720 V45 70 795 820 845 B70 835 920

B.
a9 3-4-6. Y8 AlZo] U3 Nosema real-time quantitative PCR 2—7@

Panel A + EWA| 59 dlg Nosema A3 PCRY FFFABoln o|2R Ctgks FAst] Al

go 3¢9 Av A9 &5 FAIAY. Panel B= A71A 594 AA4E PCR productEOI]

gk A4 9 Aol
B AqolA AR Y A E(ET)E wdll FewrtlA AR A A4S YERE &
#& T gAY, olBE AlEL FUANA AKH BLEN PA FA o)
Ayt FAE #HS BTE T =AU Aol #lE Fag 18Fw WG o
1

2 6 BTs YU Ao ko, 2719 A BT (WA )]
1) Probiotics extract 21 A&+, 2) Probiotics boiled *12] A&+, 3) okAl v xgdHd+ =
37 Aeroz EREFYou(E 187 Bit) oSS 7by] i Aoz AARI(27)3 v

gut. 2okl Ade] A7) 20009 97102l ek
7 gl wAn A95Ee me gdsE A, B, o2 Urdles], B3 $Ad me) 90%
ol ol &L A7} vl 2m] o]e] Fare A, 3] Awle] B F, 2w ofs) &9 ¥

T ok o7 BEFuHE 3-4-5).
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R
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tohem, o] 9
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stol Fw eAln T4
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A8 1070A1E ZA

L

L
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[e]

]

I

. e 30 o

oF nlA P

Al

A
P-hoiled

P-extract

=

o

bl Aol B

443

Ko
=

Z ) 357 1) o9l el

s

1) g EAT A

A}
3t

-
X

9

%

=

A 1070

A 314 b,

-

RN

7t
Ao
59, 4,

ul
3

S,

[e]

=

o|PCR detection

o] F%+ 1. AFB (W=F-AR); 2. EFB (T8 5AR); 3.
Nosema; 6. SBV (Sacbrood Virus); 7. ABPV (Acute Bee Paralysis Virus); 8. DWV

=
=

1

°
pad

© BQCV (Black Queen Cell Virus); 10. KBV (Kashimir Bee

Virus); 11. CBPV (Cronic Bee paralysis Virus)o|™H, L

Aot} e B AT

[e]

=

Fol 1784l =

9

ato] Aj=o| kgt

9

-

RN

A}
]_

SN

&

°

wrk dholel 2~ A2 KBV, BQCV, DWVY]
)

=

opA el AT AT %)

(Deformed Wing Virus); 9

primer set

A
%
A

©
o
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U on wAn 7ol ol AdE ES Probiotics extract ]+, Probiotics boiled
Aeat, ofAl PRI R UiEe] RAAY A5 A gAdTes SHYY. NA T 3
ArEd 4L ded =Avt 5o 4% PCRYLE Fgatglon], Sate] 22 A 107}
E A Afcte] FAAYeR AT

A, mAE FAA g ARESAY A7 AL hsto] quAPE FdsIG o,
o uldFe AR}EMN, HA 19 (27]4%), Ag 745, 2 A 30Y F9 SHom T
5 FA e RUHHET ¢ vk A8, A AGAE Ve A 12 5o 3
W o] #oide EHEA AA 10-30vtesEold Bvs Hid & dvs 288 ¢
At

7 )

Hogal 3k Ave] g WIkE YR eH (R 3-4-6), o] Al 9E3)

¥ 3-4-6. 7t AP EFA qPCRol 9 7 wAn AASG o W3
Tt AT AT AR TAE A" 09F
A1 % nd™ nd nd

A2 % nd nd nd

PEl 7 3.2x10° 5.3x10° 2.2x10°
PE2 7% 6.4x10° 8.4x10° 5.6x10°
PE3 % 3.2x10° 45x%10° 2.8x10°
PE4 & 2.2x10° 3.9x10° 3.62x10
PE5 ok 4.8x10° 6.4x10° 9.1x10°
PE6 9 5.9x10° 3.8x10° 6.5x10°
PBlI 7% 7.3x10° 6.4x10° 5.7x10°
PB2 7% 5.8x10° 3.9x10° 2.2x10°
PB3 % 4.1x10"* 5.4x10* 8.3x10*
PB4 = 9.3x10" 74x10" 2.9x10"
PB5 ok 7.9x10° 5.8x10° 6.6x10°
PB6  oF 8.3x10" 48x10* 1.8x10°
L2 DA 6.2x10° 79x10° 2.5x10°
n2 7 5.1x10" 76x10° 6.8x10°
m3 = 7.8x10° 8.8x10* 2.3x10°
n4 F 3.1x10° 5.6x10° 2.8x10"
m)5 ok 7.4x10" 6.9x10" 6.2x10"
n6 ok 3.8x10° 8.4x10° 2.6x10°

x  BIHE AL 25 wAY Zde] glE ANET 1, 22 YEHY, PEL, 25 =AnY 7do] FeE B2 Probiotics extract
£ AYF 571, 2% E}IHIL PR1, 2& =Ante 7o) #¢1” B30 2 Probiotics hoiled® A3 B 1, 25 yehd. 3

1, 28 =ARY fYo] Hd B oR GAAYE YT F 1, 28 YE.

s EUH TS BT 4H e O] ojglou AH Y BE@FoR 100% o] FAd &LHE VFoR G F,

_[O
mlo
)

a2

rlo
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908, F& 40, ke 3 o2 BYY.

A

g Srjoldd Af 4

=
=

4ol e 30 olshz 949,

9 AHPCRY A=A, AL 194 A 21T,

7102 5ol

=
=

100% % 9ol 22 4H]

geld 5T

]

7o

PCRAANEZHA A9

x4 nd not detected

A7 247

N
-

)

[e]

ial

2 Ego] wAHA

ojiy
B
oF

BH

654 Yol Pro

biotics extract* 2], Probiotics boiled Xl Z18]3l Ao 2 Lo A

9 TS BT 18Ewre|len, o

il

©

o

~

Fohpy] olg gk, 2eju

-
RN

ZFA Bl A
wAuke] ez 74 x 107 oo vER,

=
=

iy
fite)

Probiotics extract*] 2] -l

A AaE

—
fite)

1m0
i)

ohglet.

7 AR A VE

A2

o Agol ourt Wax ¢

oF
QoA 27 B9 wAvY] QA BT}

Probiotics boiled &<l £

ol

Ei

T

ﬁo

o)

oA =LA

a4

Probiotics extract?} Probiotics boiled® =]

g

shol] o

a4

Ao wEA & A

of
ol A wA e

o
=
71 g

probiotics® 7)

g

glon, no

_/,:
w32 o] el A

.
e

wAutel 7

-
-y

el
o

of AH&=AE 2071

a9

s

o 4%

=
=

}99 ¥ probiotic

= AYs

gol Al&d Aoy, of

N

ol 7+ =

-
RN

]_

)
i
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4. 1x A4 probiotics

5+ Probiotics # &

k<]

7y, &l o

FH7) B o ZHE probiotics ¥ X2 12} A Lactobacillus sp ¥4

I

o

ol
ol

3talo] WhE9lom, A% % probiotics

T
=g

probiotics

FLE SRS

o}

=

Lactobacillus sp ¥4 &89S

o 05% (v/v)

2% (v/v)

3

g

iy

= I
E:iL__

el v}, Probiotics

=

o &.
=

Lactobacillus sp 3 @&

ol
ol

KeN
=

400 ml¥

A o] 5=

sy
-

HA = 200ml,

A

Ho

il

—_
o
o0
i

A
Nfo

B

o
ok

+

=

_ZTI

1}, Probiotics *] €

Y

o]

ol

6/29 :

6/30 :

b

o
o
W
X

o)
=

AL
00

7/2

D 1A AP FE (] 231,2,3:09, 3% £ 1,2,3:29, 4 = E1,2:0.5%,7F200ml)

7/5

TR

<
il

=
o
o
W
X

3N

AL
00

7/6

D 22F AR F QI (] 241,2,3:096,3L % 5£1,2,3:29, 4 5 5£1,2:0.5%6,21400ml)

23k AWAAL elg 5

7/8

TR

<
il

=
o
o
i
X

3N

AL
00

7/9

(W) 271,2,3:0%, 3% 5 1,2,3:29% A 35 51,2:0.5%, ZFH00ml)

0]
H

=
-

ol
ol

%

33} A}

7/13 -

s

X

mT

O

T

Br

A}

7/14
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ARF ARFA T (] 2£401,2,3:0%, 3L 1,2,3:2%, 4 5 51,2:0.5%, 24F400ml)

33 AW} o)

7/15

SAF ARFA A (M £401,2,3:0%, 3L 1,2,3:2%, 4 5 51,2:0.5%, 24F400ml)

7/20

nE
X
mT

O

T

Br

7/21

(N 211,2,3:0%,3L % 51,2,3:2%, A & £1,2:0.526,7F400ml)

=
QF ol 591

6&F A}

7/22 :

43 AR} 9)F)

TR

!
o
nl
=
o
i
X

s
<)

D AF

7/23

7/27 TR AFF AR (W Z11,2,3:0%,3 5 £ 1,2,3:2%6,4 F £ 1,2:0.5%,7F400ml)

TR

!
o
nl
=
o
i
X

s
<)

D AF

7/28

7/29 1 8xF AFFRFE (W x11,2,3:0%,3 5 £ 1,2,3:2%6,4 & &= 1,2:0.5%,7F400ml)

53 AW o)g)

TR

28
il

<]

X

Br

7/30

8/3 1 92} AFFN T (] 2171,2,3:0%, 3L 5 1,2,3:29%, A & £1,2:0.5%, 7+ 400ml)

(h2+11,2,3:0%96,3L5 51,2,3:29%,4 ¥ %= 1,2:0.526,7+400ml)

=
QF ol 591

D103 AF

8/5

63 WA} 9F)

TR
28
il

T

Br

8/6 :

(N 211,2,3:0%,3L % 51,2,3:2%, A & £1,2:0.526,7F400ml)

=
QF ol 591

L 117 A}

8/10

&) s A65% MrAE 2 8 :20ml/A)
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1.

| 74 15em * 0cm) #1HTT 7 2nk] LA

(=

]

gl

(th2+1,2,3:0%, 35 %=1,2,3:2%6,4 & %1,2:0.5%,7F400ml)

RNz

(U] 2371,2,3:0%, 3% £1,2,3:29%, 4 % £1,2:0.5%,2-400ml) 72 28 A 97

:

H
F

e}
pud
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H
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E
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=
-
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ol

i
%

Al A

122} A}

132k A

8/12 :
&/13 :
&/17

TR

!
o
nl
=
o
i
X

s
<)

D AF

8/18

(U] 2371,2,3:0%, 3% £1,2,3:29%, A % £1,2:0.5%,2-400ml) 82 A8 A} 97
() 2171,2,3:096,31 % 51,2,3:2%, A 5 521,2:0.5%6,7+400ml)

:

e}
H

]

(o]
H

E

-
=
-

o
e

147 AFe
. 154 A}

&/19 :
/24

e

!
o
nl
=
o
i
X

s
<)

D AF

8/25

(th2+1,2,3:0%, 35 %=1,2,3:2%6,4 & %1,2:0.5%,7F400ml)

:

e}
H

=
-

ol

F

16%F ApF el 593 (T 22+71,2,3:0%, 3L % 51,2,3:296, 4 % % 1,2:0.5%, 71400ml)
[e)

97} AR AL o F
D 17A A

8/26 :
8/31

TR

!
o
nl
or
o
i
X

o

AL
00

9/1 :

(th2+1,2,3:0%, 35 %=1,2,3:2%6,4 & %1,2:0.5%,7F400ml)

:

e}
H

Foy =

o]
[e]

187 A}
102+ A AL o]

9/2 :

TR

!
o
or
o
i
&

AL
00

9/3 :

= Ae

-
it

Bl

3L

o 19

[e]
i=

l

o
3l o

(th2+1,2,3:0%, 35 51,2,3:296,4 ¥ % 1,2:0.5%,7F400ml)
o] wHEol A7t

:

e}
H

o %
Hew o An] FA #sk (2010. 6. 29. -7.27)

]

%

194} A}
Probiotics #] &

9/7
t}. Probiotics * &

o}J

_ZM_!
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probiotics &
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7EAI7E 185l probiotics ¥ @
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3-4-17).

-
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tHE 3-4-7,
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7500

Is5c2

e

sL3
—XsC1

——

Heco

7000

6500

6000

5500

5000

4500

4000

3500

3000

33X}

2R

1R}

3 st

=
]

a9 3-4-7. &9 YA

(F9l:g)

22H(7/14) 32(7/27)

144H6/29)
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6700
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2100

4950

4450

6950

9950

2000

A
£
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4450

4600

4900

4350

4000

4400

4250

3450

4700

4850

4500

4700

4500

4450
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st (54713 201083, - 9.7)

2}. Probiotics # &
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Probiotics ] &
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o EEol 17t
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S7HA7E Q
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il
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12500

12000
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) 35 a4 s = &=k
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A

(F91:g)

32H(8/17)

174(8/3) 22+(8/10)

13650

Al (net)

0020

B
o
Gl

13300

13900

10000

11250

11100

0100

13650

13800

13500

2600

10050

10300

10700

2600

11300

11100

11300

2700

11200

11300

11300

2400

11000

11000

11050

2000

11000

10900

10600
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% 3-4-9. T&o & A 54 (+9:g)
HF 5 (net) T 42}(8/26) 52H(8/31) 62+(9/7)
4500 ES| 12650 12850 13100
5500 = B 10700 10850 11000
6200 EE] 13950 13950 13800
5450 o) -3 10000 10000 10100
6100 AEE2 11750 11750 12000
7600 3RS 13500 13400 13500
5200 AEE]l 10800 10950 11000
5800 AER2 11750 12000 11900

5. B &9 AREAATE AT A - ued] 44 FA LI (AFB)

7F. Btoll thdk Probiotics 2] % oA g old A=
F#7)38 0 ZBE probioticsFEE 13} TH2Z AYE Lactobacillus sp &4 AeA-S &
Ho Al Foe] st YA ALFTHIHE AFEsle] FH vk AMYS 93 Fee
ALE T S

(M 3kg + B 2L)S AFREQOW, 1% % probioticss @] 29% (V/V)
Lactobacillus sp +4# dg s 33l wE oW, AFE probioticsi= ol
05% (v/v) Lactobacillus sp w3 g8 =33t} ProbioticsE ¥%H3E o] &
"< v 9 23], FYES 400 mys Tk a7z 20109 79 19 5-H
9¢ 7HA7HA oller, HHl AFe AFH= APV W 2F AR gixa (FA
T, 71, 72, 73), A& ﬂ‘v’q:fl (74, 75, 76), A% A= (77, 718 A 2t 10wte] 4
o] s AMFsA FAA AAbel o3 A A AALE AAdr

N le]

ot
g

MX

L}, Paenibacillus larvae®] A @S 93+ A A 7F PCRHES 4.

P. larvae sub. larvae2] Real-Time PCR #A&=9 /IS {3 x5 24 P. larvae
sub. larvae strain ATCC9545 HFE ARE3IH o, 2A¢Ad odae Ady

il

Real-Time PCR ﬁ%%ﬂ EolAe =As7] $13}e] Paenibacillus larvae sups. alvei,
Bacillus subtilise-< A&t} ol TFE2 BHI (Brain Heart Infusion) #l =] ¢l 4|
FAAN Ao E‘r‘iﬂé‘ Bl @i A0l 28 P larvae sub. larvae & =237
3 Skim milk plate (5% Skim milk, 10% agar, BHI ILA|8]3#])E AR&dlv) 3 4|
2o wjzAL 25T %= 37CE ALE3 o, A4 wde] A 180 rpm, 37TL
2 Ay Pl E AFAE (F)Bioneer (Korea)?] Excycler™ Quantitative
Thermal Block (©]3} Excycler )& Abg3le] BEolAd, A, AFA, W4n 58 =

o,

r:u
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At om, Ad Wy oz 9] Real-Time PCR WS A3 225 Aw =
A& 9IF filter set> FFA R AHEHE SYBR Greens 437 918 4 PC
cyclevtt} excitation 490nm, emission 530nm#= d+e]  700msecE ot #AB7S A3
o, AR FA¢U: AAom EYEAd adgzz yetdA f@lvh Threshold
Cycles (Ct) #t2 3-10 cyclesztoll YeRd FH#Hgke] wEHA9 108 gh(Threshold
value)ol =€3h= 2 PCRY cyclesTE 7|22 oy, AFS 9t x4 40
A 7129 %7] template®] %FE (pg T fg)o] 3k CrgkeEo] 3 7 (regression)? A
ol 1ol 7 2T AR=DES P Cr #S AR Y. P. larvae sub.
larvae®] Real-Time PCR detections 918k 5o 947] A€ 168 tDNA A Yoon
5, 1997, < &, 2001, GenBank UR5263; U86605; UB6606)2] A7|AA-S o] &3t
design 3t} P. larvae sub. larvaed] 16s tRNAS] Eo] M9 A&EHE 9% primer A
Primer3 program (www.cgi v 0.1 beta la)g o]&3le] A3 on,  16sNF
(5'-GTGTTTCCTTCGGGAGACG-3")9 16sNR (5'-CTCTAGGTCGGCTACGC ATC-3)=
gakal A&k lv (iR 3-4-10).

=

¥ 3-4-10. P. lavae subs. larvae ©] Real-Time PCRS ¢ & A8 HA primers 9 47|44

Nucleotide Product

Pri 5 to 3’ Origi
rimer Sequence(5’ to 3') rigin sosition  length (bp)
16sNF GTG TTT CCT TCG GGA GAC G 16s rDNA 65-83
233
16sNR CTC TAG GTC GGC TAC GCA TC 16s rDNA 278-297

HoodFte] AitoA 16sNEF/16sNR primerE AF83F P, larvae sub. larvae specific
Real-Time PCR9 Z+x712 thad #Zo] A#H At =, 16sNEF/16sNR primer 7Zf
20 pmole, MgCls 1.5mM, dNTP 0.25mM, 10xSYBR 2¢4, Tag polymerase (GeneClone
Co., Korea) 5  unitsE F#H 20w wEEHo=z A3, 94T 1589
pre—denaturation ¥ 94C 30%, 609C 30%, 72C 1% 2% 40cycle® FZE& A7l %
72C 5%9] post-polymerization®. @ PCR-S 3335 A+ HA9 AE4S ¥l
Aoz Jehyton o] wvrSx71L Excycler ™ (Bioneer Co., Korea)E AM2319S o
Aol Aoltk. P. larvae sub. larvae?] Real-Time PCR detection? W#A=
(sensitivity) & SA3}7] #1381 P. larvae sub. larvae 16s clone plasmid DNAE Ing
BE 107%g7A] A% A8 & o|Z template® 3le] $olA] &E¥ PCREF O
Real-Time PCR (Excycler™, Bioneer, Korea)e 3 #t}. Amplification curve?
BAe Eae Ingd template® AF&3 PCRolA Cr #< 103 cycle®, 1x10 g9
sampleo| 412l Cr g2 305 cycle®Z UYERto® Ing - 1fge] WA= 712 o
W Cr @e ASE FuBAL Y= ASE, wE 01 fg - 1x10°g o Wel A= A
daA @ Aol Brhs Ao 2 YElgtHEFigure 3A). ©o] EE W4 PCRelA A4
¥ PCR producte< £ PCR productes 743 3% melting curve 2] ol A
-(dF/dT)e] curve FHH 9 Fd3ro] A, HI 81T Y3 melting

_69_



temperature’} QJH o ZH EF FL3 product¥re] AAHES s 4+ Ay
(Figure 3B). Real-Time PCRol| A2 A3Z wjwaly] 93 A3 PCR =2 A7

= Axw A8 233bp2] product”} 10 *fg7hx] A QHI1H 3-4-9).

A B

-(dF/dT)

@
=]

th
=}
I

2

w
=]
1
Fluorescence

Fluorescence (x10)
L&)
o
1

o
|

¥ 3-4-9. P. lavae subs. larvae 71 &2 ¢33 Real-Time PCR9 W75 &9l

z7] 71389 & A7l f1skel DNAS 3 Cratabe) 3AALAE 39,
ol Y = -0.30X + 7.741, R*= 099783 7Zo] Al (Figure 4). %38k Melting

curve analysisollA] 0.1 fgo]t2] template® 33 PCR products AA3E Tmik
(83.1C)& YEMG 2, 0.01 fg (10 attogram)el Al 107 fg (0.0001 ag)e] WL elA] A
¥ PCR product= 76TC-82T9 o2& v A Tmghs UEeRNSI o™, A7 5l
)3k Folof A AAF= 233 bpel AB3 PCR product®] bandE H.ojF¢lon, $x19
4% PCR bandE A& A& 4 YAJAHZH 3-4-10).

OF1 WF: OF3 OF4 Y=-030<+7.741 R? 09978

10 'O_IDQZ 15.6
10 g 100fg = 19.4
10 " g10fg =22.9

5]
o
1

0.0 - -c_lfg=25.7

geBlank =29.7

0.1fg :
-2.0 =292

Fluorescence (=10)
a
DHA Concentration
=

=1
|

5 10 15 20 25 a0 25 a0 45 g 10 15 20 25 30 3/ 40 45
Cwcle CT Value

1% 3-4-10. Real-Time PCRS &% %7] 7|2 & 291
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¥ 3-4-11. Probiotics X3 A

3-4-11, % 3-4-12,
destalzlel, & Bald A=

AF P. larvae (AFB)9] AA
3

o
-4-13, 3 3-4-14). £ HArke A34 Wy

AEFee

Arkel sk

72

73 74

76

77

AFB
EFB
w5y

A

e At
SBV
ABPV
DWV
BQCV
KBV
CBPV
IAPV

o]

¥ 3-4-11. 1= AE F

71

72

73 74

75

76

77

78

AFB
EFB

EEE

A
e A v
SBV
ABPV
DWV
BQCV
KBV
CBPV
IAPV

0]

o]

¥ 3-4-12. 23 A =

71

72

73 74

75

76

77

78

AFB
EFB
R
A
e A v
SBV
ABPV
DWV
BQCV
KBV
CBPV
IAPV

0]
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¥ 3-4-13. 34 AY =

71 72 73 74 75 76 (i 78
AFB 0 0 0 0 0 0 0 0
EFB
Wi 5
vy 0
XA} 0 ) ) 0
SBV
ABPV
DWV
BQCV 0
KBV
CBPV
IAPV 0 0 0

X 3-4-14. 47 A" ¥

71 72 73 74 i) 76 77 78
AFB 0 0 0 0 0 0 0 0

)
i
I
o,
3|
rO
o
o

AF P larvae (AFB)9 AA AAL

M 1 2 3 4 5 6 78 9 10 111213

AN
|

a9 3-4-11. A5 71 (2010. 6. 30)9] PCR A& 27
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Lane M : 1kb marker

Lane 1 : AFBI16S F/R primerE AF&3 nj=it gyl PCRAWZY

Lane 2 : EFB-NS F/R primerE AR£3F -3 Y499 PCRR 2 3

Lane 3 : A.apis QP F/R primerE AR&3 #MEw o] PCRA A 3%

Lane 4 : Aflaws F/R primerE AR&3F A 3W o] PCRAI w4 1}

Lane 5 : Nosema F/R primerES AR&3%F ealvly o] PCRA &2 7}

Lane 6 : SBV F/R primerg AF&3t @550l ajy o] PCRYIWE 7

Lane 7 : ABPV F/R primerE ARE3F FA4 vy o] PCRA w4 1}

Lane 8 : DWV F/R primerg AH&3g E7/iE+8 ¢ PCRYUT4E 3

Lane 9 : BQCV F/R primerE Ab&3F Black Queen Cell Virus® PCRA w4 3}
Lane 10 : KBV F/R primerE AF& 3%+ Kashmir Bee Virus®] PCRZI 2 3}
Lane 11 : CBPV F/R primerE AH&3ot ThdEHuln|y o] PCRZ w2 3}

Lane 12 : IAPV F/R primerS AF&3%F Isracl Acute Paralysis Virus®] PCRZ &4 7}
TLane 13 : B-actin (positive control)

Lane 1,9 oA 77} Eo]2¢l hand’} #ZE T} o] A= 1 of A w5 A", Black Queen
Cell Virus(BQCV)9] Eo] §A4A7F &9 R4S YebAtHZE 3-4-11).

M1 2 3 45 6 7 8 9 1011 12 13

LN

a9 3-4-12. A2l S 72(2010. 6. 30)2] PCR A4 A3
Lane AL 19 3-4-113 L3},
Lane 1, 5, 9°4 27} Eo]Ad<2l band’} #&IFHAY. o] Aip= A RoA] vl HAH

A (Nosema), Black Queen Cell Virus(BQCV) & Eo] f4x7F AEFHASS
EpfCH(1 9 3-4-12).

M 1 2 3 4 5 6 7 8 9 1011 12 13

L

a9 3-4-13. A5 E 73(2010. 6. 30)¢ PCR A& 27
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4-1

3-
77t

_ﬂm —L

Lane A2 1dg ¥} &3
Lane 1, 5, 9ol A] o] A ¢l band7} #E= L) o] 7é3ﬂr—‘§ Az A m o F-A W
o) 0 0.

AV (Nosema), Black Queen Cell Virus(BQCV) 2] Eo] #4x7F A&EH A S 1}
EpfCH( 19 3-4-13).

a9 3-4-14. AsHZ 74(2010. 6. 30)9 PCR A& 27

Lane AL 19 3-4-113 L3},
Lane 1, 9olA z}7z} Eo]&<l band’} #ZFHRC) o] Ay A|go|A wlary AW,
Black Queen Cell Virus(BQCV)¢] Eeo| FdA7F A& A5 YElATH(ZE 3-4-14).

—_

a9 3-4-15. A5 Z 75(2010. 6. 30)9 PCR A& 27

Lane AL 19 3-4-113 L3t}
Lane 1, 5, 914 Z}7} Eo] &<l band’} #ZH AT} o] 7é3ﬂr—‘§ Al Zol| A W] =52 1
AV (Nosema), Black Queen Cell Virus(BQCV) 2] Eo] #4x7F A&EH A S 1}

EpitH(29 3-4-15).
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a9 3-4-16. A5HZ 76(2010. 6. 30)¢ PCR A& 27

[e) .
Lane 1, 5, 9914 Z+z} Eo|&Ql band’} #aH AT} o] Aip= A RA] v 5AHY,
A (Nosema), Black Queen Cell Virus(BQCV) & Eo] f4x7F AEFHASS
Ep (19 3-4-16).

P

a9 3-4-17. AsHZ 77(2010. 6. 30)¢ PCR A& 27

=

Lane 442 19 3-4-113%} &3l

Lane 1, 5, 9914 Z+Z Eo]& <l band’} #ZHAC o] Aipi= AR A w552,
A (Nosema), Black Queen Cell Virus(BQCV) & Eo] f4x7F AEFHASS
ERATH(LE 3-4-17).

a9 3-4-18. A5 E 78(2010. 6. 30)9 PCR X 27
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Lane 442 19 3-4-113%} &3l

Lane 1, 5, 9914 Z+z} Eo] A<l band7} #&F AT} o 73?%—‘5 Al ol Al w5 A R
A (Nosema), Black Queen Cell Virus(BQCV) & Eo] f4x7F AEFHASS
ERATH(LE 3-4-18).

3 4 56 78910111213

S PHNTN
|

I_E

a9 3-4-19. AsHE 71 (2010. 7. 8)°] PCR X 43

Lane 2%S 19 3-4-113 S s3}r}.
Lane 1,9 oA Z}7z} Eo]A<¢l band’} #&EHAC o
Black Queen Cell Virus(BQCV)2] Eo] fxx71 4

—
—
—
C—
—
—
—
o
o

a9 3-4-20. A5 s 72(2010. 7. 8)¢] PCR A& 27

Lane A% 1

g 3-4-113} L3},
Lane 1, 994l Z}7} E—O]ﬂo] band7} #ZE ATk o] A= Al ROA G EAH
Black Queen Cell Virus(BQCV)<2] Eo] FAX7 AEH NS YEFATH(ZH 3-4-21).

i

X Fok

a9 3-4-21. A5 73(2010. 7. 8)¢] PCR A A7
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Lane AL 19 3-4-113 L3},
7z

Ashs ABAN HFEAM,

]
AA7E AEH 0w WEb o™ 3-4-21).

Lane 1, 9olA] 717 Eo]dQl band7’} #FHAT} ©
Black Queen Cel -

< 4
=
@
oo
o
@
=
1o
i
o

T

SRR I

a9 3-4-22. A5 s 74(2010. 7. 8)¢] PCR A& A7

Lane AL 18 3-4-113 &2

525}
Lane 1, 5, 9914 77} S04l band7} #29 ek o] ZAsbs ARelA nwyAm,

A (Nosema), Black Queen Cell Virus(BQCV)S] 5o FHdA7F A&HA =
EpHCH(1E 3-4-22).

o
A
o M=

R
I
|

a9 3-4-23. A2 75(2010. 7. 8)°] PCR A A}
Lane AL 19 3-4-113 L3t}
Lane 1, 5, 9914 Z+Z Eo]& <l band’} #ZHAC o] Aipi= AR A w552,
A (Nosema), Black Queen Cell Virus(BQCV)S] 5o FHdA7F A&HA =
EpbAich(1y 3-4-23).

-

a9 3-4-24. A5 76(2010. 7. 8)¢] PCR A& A7
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=

Lane AL 19 3-4-113 L3},
Lane 1, 5, 9o Z}7} Eo]& <l band’} #ZHAC o] Aipi= Al BoA] n]arE- AW,

AR (Nosema), Black Queen Cell Virus(BQCV)2] Eo| fAA7F A4S &S o
EbiTH (2 3-4-24).

a9 3-4-25. A5 77(2010. 7. 8)¢] PCR A A7

Lane AL 18 3-4-113 L3t
7z

Lane 1, 9914 27 Fo]2 <l band7} #&AHATE o] A= AmolA vsFAH
Black Queen Cell Virus(BQCV)¢] Eeo| FdA7F A& A5 YeEbA (8 3-4-25).

a9 3-4-26. A5 s 78(2010. 7. 8)¢] PCR A A7

=

Lane AL 19 3-4-113 L3},
Lane 1, 5, 9°4 27z} Eo]&<Ql band’} #&FAY. o 734 Az A m o F-A W

|
A (Nosema), Black Queen Cell Virus(BQCV) & Eo] f4x7F AEFHASS
Ep (19 3-4-26).

a9 3-4-27. A5 Z 71(2010. 7. 15)9 PCR A& 27
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Lane 2%S 19 3-4-113 S s3}r}.
7z

Lane 1,9 oA Z}Z} Eo]& <2 band’} #&AHAT. o] AiE AlFAA vlarHAH,
Black Queen Cell Virus(BQCV)¢] Eeo| FdA7F A& A5 YeEbA T (d 3-4-27).

a9 3-4-28. A5 E 72(2010. 7. 15)¢ PCR A& 27

Lane 1, 5, 9914 Z+z} Eo|&Ql band’} #aH AT} o] Aip= A RA] v 5AHY,
A (Nosema), Black Queen Cell Virus(BQCV) & Eo] f4x7F AEFHASS
EpHCH(1E 3-4-28).

a9 3-4-29. A5 E 73(2010. 7. 15)¢ PCR A& 27

-
&
=5
@]
>,
g
rlo
14
o
<2
0
—
—
B

& 43t
Lane 1, 5, 9914 Z+Z Eo]& <l band’} #ZHAC o] Aipi= AR A w552,
A (Nosema), Black Queen Cell Virus(BQCV) & Eo] f4x7F AEFHASS
ERATH(CLE 3-4-29).

a9 3-4-30. AsHE 74(2010. 7. 15)¢ PCR A& 27
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=

Lane AW-e 19 3-4-113} &L 3},
Lane 1, 5, 9914 Z+Z} Eo] &<l band’} &&= ©] 7374—‘5 A Zol Al maF-A
A (Nosema), Black Queen Cell Virus(BQCV) & Eo] f4x7F AEFHASS

EpivH(2 9 3-4-30).

a9 3-4-31. AlmW 3 75(2010. 7. 15)9] PCR X A3

-113} &3t
E o] A ¢l band’} #HzE ) o
=& YeEPATHZE 3-4-31).

AN

Lane A%

¥
Lane 194 Z=2+
TR AEH A

i
e

EEESREE RROEESEE

3-4

a9 3-4-32. A15W 3 76(2010. 7. 15)9] PCR X A3

4-119 & A3}
o] &l band’} 2% Act.

T AEHAws HERITHE 3-4-32).

i

o] A3 AROIA HEEA

-
&
=
o
—
=
~
PN
Ji
oo

a9 3-4-33. A5 E 77(2010. 7. 15)9 PCR A& 27
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_\7\_1‘

Lane A% 19 3-4-11

Lane 1, 5, 9o A Z}7z} Eo]

AV (Nosema), Black Queen Cell Virus(BQCV)2] E9]

EpivH(29 3-4-33).

o
7l
&

F s,

¢l band7} ¥#Z 53t}

°f

A=

A7 A5 U0ee

SECRIEEE R

a9 3-4-34. AmW S 78(2010. 7. 15)9 PCR A&

Lane AL 19 3-4-113 L3},

Lane 1, 59141 242} Eo]4 <] band7} #2HE St} o]
AvtE (Nosema)9] 5o 3447 AEHASS

E}

43t
puls e

234

= ABOA HEEAM,
g 3-4-34).

a9 3-4-35. AsHE 71(2010. 7. 22)¢ PCR A& 27

Lane A®S 18 3-4-113 & A3}
Lane 1,5 oA z}z} 5— 142 band”7} #Z ¥
Ak (Nosema)2] Eo] A7 AEH A<

o] 4

=y
ERd

E‘r(

a9 3-4-36. AsHE 72(2010. 7. 22)¢] PCR A& 27
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a9 3-4-37. A1mW 3 73(2010. 7. 22)9] PCR X A3

Lane A% 19 3-4-113 F<L3}t}.
F Eo

Lane 194 2=z

FAAT A

A Fs HERI T 3-4-37).

a9 3-4-39. AlmW S 75(2010. 7. 22)9] PCR X A3

_82_
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Lane AL 19 3-4-113 L3t}

Lane 1, 1201]*1 7y7y EolAQl band7t TEEHATE o] Ay Al RoA waF-AH,
Israeli acute paralysis virus(IAPV)9] 5o fxdx7F HAEHA S YeERATHOH
3-4-39).

a9 3-4-40. A15W 3T 76(2010. 7. 22)9] PCR X& A3

Lane AL 19 3-4-113 L3},
Lane 1, 5, 9, 1204 Z}7} Eo]& ¢l band”7} #&= Aok o] Aap= A Fol|A vl F-A

W =Avbd (Nosema), Black Queen Cell Virus(BQCV), Israeli acute paralysis
virus(IAPV) 8] o] 3127 AEH A5 VERATH(LE 3-4-40).

a9 3-4-41. AsHE 77(2010. 7. 22)¢ PCR A& 27

Lane AL 19 3-4-113 L3t}

Lane 1, 12614 7}7} EolA <l band7} #ZHATE o] Aibe A|RmAA] mo 7Y
Israeli acute paralysis virus(IAPV)9] 5o fxdx7F HAEHA S YeERATHOH
3-4-41).

a9 3-4-42. A 5d 3T 78(2010. 7. 22)9] PCR X A3
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Lane AL 19 3-4-113 L3},
Lane 1, 494 Z}Z} Eo]Z Q] band7} B&E T} o] A A FoA] v]aF-A
ave] Bo] fAXI AEHA S UEFATHIE 3-4-42).
9 3-4-43. AlEWS 71(2010. 7. 29)¢] PCR A A3
Lane A% 2 19 3-4-113% L35l
Lane 194l Z+7y Eo]Z4<Ql band7} &2 vt o] Aif= A|FE A v F-2 1 2
FAA7 AEH NS dEFAY(2Y 3-4-43).
19 3-4-4. ABWE 72(2010. 7. 29)°) PCR A ¢ A}
Lane A8L 19 3-4-113 =L 3},
Lane 194l Z+7y Eo]Z4<Ql band7} &2 vt o] Aif= A|FE A v F-2 1 2

£ o] 4
FAAT AEFHA S YEPATHIIE 3-4-44).

a9 3-4-45. A5 T 73(2010. 7. 29) PCR A A3
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Lane &2
Lane 194 Z

FAAt AE

Lane A

Lane 194 Z=2+
AR AEEH A

Lane 2%S 19 3-4-113 S s3}r}.

Lane 1, 594 Z2 E

A vH Nosema) 2] E-9]

A 19 3-4-113% S I
} Eo

17

ge a9 3-4-11% Fdatl.

| 23= A BA vERAHe E

7} Bo] A2l band7} #EH AL ©
YA e YEHITHE 3-4-45).

]7<4 o]

a9 3-4-46. A1 5T 74(2010. 7. 29)9] PCR X A3

] 554 1 o)

o] Az Aol A

£o]# ¢l band7} ##&HSlth
& WERITHIE 3-4-46).

L
EEE

rN (L

a9 3-4-47. AsHE 75(2010. 7. 29)9 PCR

Eo]4Ql band7} #&AHSITE o] Aip= AlmAA w55
AR AE & YERATH (2 3-4-47).

a9 3-4-8. AxW3T 76(2010. 7. 29)9] PCR X A3
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Lane A2 19 3-4-117 5 L3It}
Lane 1914 7t7} 5ol band’} #E ST}, o] Az ARA wFH-Ag ] So

A 2
FAA7 AEHALS eI (2 3-4-49).

a9 3-4-49. AsHE 77(2010. 7. 29)¢] PCR A& 27

Lane AL 19 3-4-113 L3t}
Lane 1, 5olA] Z}Z} o] 4Rl band7} &SI o] Aap= A5 A vFAH =
A vH Nosema)®] &o] FHdA7F A& A& YERATH (2 3-4-49).
a9 3-4-50. A5 S 782 PCR Ao A3
Lane AL 19 3-4-113 L3t}
Lane 1914 7}7} £0]# 9] band7} @&} o] A= A|Ro]A] waRAHe Eo

T2 AEE A e HYERITH Y 3-4-50).
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F-Ll

tio
i)

G duatgSe A A - 1=9 AA 49438 (Nosema)

¢ {

7F. &0l gk Probiotics A B oR|ddo] ogk A=

THA7I A O ZHY probiotics$-HEZ 12} $H= AEE Lactobacillus sp w3 RS &

Hol| Al Fefel o)gt A2l AL FE s AMESt] Ttk AMYS HE TS

AHE %o"ﬁ(’g% 3kg + = 2L)% AREEF 0, 3% & probioticsE Wl 2% (v/v)
55 o

AaFE
2o, A% % probioticsy Wl
il

. Nosema ceranafd &2 93 A2 AAH /At

N. ceranae-specific LAMP®| A}£4¥ primers= Table 1°] YERHI Y. Forward inner
primer¢]! Nosema-FIPY¥ N. ceranae anti-sense sequence®] AHE.Z¢l A7) A d(F2)3
TTTT linker 283 loopE A= A7 A(Fle) HFES 3 Aoz 45nt9
long—nucleotide® A 25 At} Reverse inner primer$! Nosema-BIP<S- N. ceranae
anti-sense sequence?] HH A AV L(B2)¥ TTTT linker, loopE dAdtE 97
A 9(Ble) H8& 3 Aoz 48nt9] long—nucleotide® A ¥ At} B3 Nosema—-F3
9} Nosema-B33= inner primerE9 vpPZZEo| QA== AAF o 27z 25nt,
19nte] Z7]= AZ T o] primerE< Bionics AHKorea)ol 22 3}o] A 233 o
inner primers % -%ol+ PAGE AA & A UH(3E 3-4-15, 219 3-4-51).

¥ 3-4-15. N. ceranae £°] LAMPZ 93 primers9 97144

Oligo Sequence (5'—3’) Length(mer)
Nosema-F3 CTACGTTAAAGTGTAGATAAGATGT 25
Nosema-B3  TCCCATAACTGCCTCAGAT 19

N Oserrga—FIP1 ACCCGTCACAGCCTTGTTAA-TTTT-GTAAGAGTGAGACC 45
 TATCAGC
N OS@H’%(I—BIPA ACTTTGTAATATTCCGGAGAAGGAG-TTTT-CCATAGGTC 48
AAGTTTCGCC

1) FIP : combine by Flc and F2
2) BIP : combine by Blc and B2

B -TAGACGC TATTCCC TAAGAT TAACCCATGCATGTTTT TGACATT TGAAALATIGGES

CTGCTCAG TAATACTCAC T TTAT T T TATGTAAA T TTT TAATTAAC TACGTTAAAGTG
MNosema—F3
TAGATANMGAT G TTTACAGTAAGAGT GAGACC TATCAGC TASGTTEGTTAAGGTAATGEC
Mosema—F2{sense)

TTAACANMGSZCTIEFT GACHFFEZTAACHF T AT TACT TTGTAATATTCC FEZAGANASZAGCCTT
Mosema—F1({locop) NMosema—81 (loop)

A GAGAC G T A TAAG T TAAGGAT TG AGCAGFFEFC GALACTTGACC TATHEATT
Mosema—82(anti—sense)

TTATC TGAGHCAGT TATGFEAA G TAATATTATAT TG TTTCATATTTTASAASMGTATAT
Mosema—B3

GAGGTGATTAATTHGAGGGES AL TCAASGTHCCAGCAGCCGCGGTAATACTTGTTC-3°
219 3-4-51. N. ceranae 97142 Wl A2 primer $]A
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HH T 255 =As7] $1%e 5257T, 54.2T, 5647TC, 589T, 61.0C oA 1Ak
Z} N. ceranae—specific LAMPE Z233¢ 0w, Z+ LAMP ¥k3
F9d I Ar|dEsFoz &gt 525-61.0C o ®HeelA N. ceranae—specific

Al Ae gt en, A%3¥ DNAYE F#% 100bpe] 4H&5-H

&
o

loading well7}A] vhFet A7]2 el N ceranae-specific LAMPO| # 49 &%
Hels wEdds B3k 564TC 2 Ao, ofF9 d¥d2 4" 29 56.

ACAA Y2y 3-4-52).

. T

19 3-4-52. N. ceranae 5°] LAMP9 A% &% &9l

H2 5 exE =A37] 98] gradient PCRS F33 @}t Lane 158 5% 27

525, 54.2T, 5647T, 5897T, 61.0TCA HEE Fhst AAE e T lane 3ol A
FEo] b4 & ol Foldl Ao weHo] HE LEL: 564

MN12345MN12345MN123456

C

19 3-4-53. N. ceranae 59°] LAMPH 9 HA x4 Y

Panel A. primer® 4 % 92 93 inner®t outerd primer wx¢| WIS

Fo] 88 FPFr}. Lane 1S Spmole?}t 1.25pmole, Lane 2% 10pmole¥ 2.5pmole,
Lane 33 20pmole® 5pmole, Lane 4+= 40pmole? 10pmole, Lane 5% 60pmole¥}
15pmole?] Nosema-FIP/BIP9} Nosema-F3/B3E 7+zt A8t} Panel B. dANTPE
HA FE &<2l. Lane M= 1Kb ladder marker (Fermentas)©]t}. Lane N< negative
control®|t}. Lane 15-H 5% LAMP A== g dl= 1.25mM, 25mM, 5mM, 7.5mM,
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10mMe] dANTPE A& ANTPS] #H4 F== SmM= #2153tk Panel C. Bst
DNA polymerase®] #H2& w% &<2l. Lane M= 1Kb ladder marker (Fermentas)©]t}.
Lane N2 negative controle]t}. Lane 1 F-¥ 6= LAMP 4t&= gtz 4U, 8U,
16U, 24U, 32U, 40U<2] Bst DNA polymeraseE A3t} Bst DNA polymerase?
A BRE AUR el E i)

N. ceranae-specific LAMPlA] primer 2] 7 %37

N. ceranaed] w3 N. ceranae-specific LAMPS] ZHEIAE EAS 7] 93519
pBX-Nosema plasmid 1x10%copies5-E 1x10°copy7H4] 1/100 A @AMz 843 &
Fgoz ATt AEIA =H A 1x10°copiese] pBX-Nosema plasmidE A&
g LAMP7HA 71952 03 o AT ™ 3-4-53).

i_-—-

19 3-4-54. N. ceranae £°] LAMP2 917

Hl
Ay
o

N. ceranae E°] LAMPWH | 3AZ =48}, pBX-Nosema 298 1x10%copeis/ -
Y 1/100% @A FHste] FPoz AFEHY. Lane M 1Kb ladder marker
(Fermentas)©]t}. Lane 1& F3d o 1x10%copeis/l 2] pBX-Nosemas A&3o).
Lane 2% F3 o2 1x10%opeis/ul9) pBX-NosemaZE A}2@t}. Lane 3% F3doz
1x10%copeis/e] pBX-NosemaZE AH&39tH Lane 4% F3 o= 1x10°copeis/ <]
pBX-NosemaZE A48t Lane 5% F3 22 1x10%copy/ul 2] pBX-NosemaE A48
CH1¥ 3-4-54).

foRU

EHAFNA N. ceranae-specific LAMP| 213t N, ceranae®) 7%

N. ceranae-specific LAMP7} AA| N. ceranae?rsd A 5] thale] AL 7153
& dolr7] 9389 Nosema 5°] real-time PCRell 2]3le] o] 3ld iy 7}
AHA @& EHS giow FHAAE Sy u). dxT o 2= pBX-Nosema plasmid
(1x10°opies) & AM&&TE  AA N ceranaed] #AAE  HHAR|AE N,
ceranae-specific  LAMPol| 93¢ pBX-Nosema plasmid® A+ Zo] EX A9
LAMP Adwo] |44 = As A = AMeW, N ceranged #AHA 2 #
WA B E AR N, ceranae-specific LAMPOlA = LAMP A4 Eo] JAEA &gk}

HARE HAA Add Bl As diste] HE e s HoFAT

>
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<

a9 3-4-55. dd HFAA 9 N. ceranae-5°] LAMP #-&

Lane M2 1Kb ladder marker (Fermentas)¢|t}. Lane 13 5= pBX-Nosema plasmid
Ing s A& ATH Lane 29 6& F3-& H7FeA] & Sth Lane 39k 72 wA|vte] 34
H HHAEZS ALE 3T Lane 49F 8 mAvbe] AT A & HHAMZS ALE U

Lane 1-4 = N. ceranae-5°] LAMPWH 2 w&E-o|t}. Lane 5-8& N. ceranae—%-°]
real-time PCR®] ¥hgE&Eo|vtH 1y 3-4-55).

¥ N. ceranae-specific LAMP AA Eo] 1xSybrGreen® H7IA1Zl H, o] &
ultraviolet trans illuminator “gollA #&ste] =43RS A vk, dix=a
AP ol ety sigley 2 AxrF LAMP A E H|ste] ¢f
DA SybrGreens ©]€3% N. ceranae—specific LAMPS] A E &9
A AZPE o A7 SHIE 3-4-56).

N o 2 oo
SURNCOR S

=2 o 2

B o >

A B

1Y 3-4-56. N. ceranae-5°] LAMP9 SybrGreen 7 A}

Panel A. LAMP 4F&¢1 (P) ¢} negative control§l (N) & SybrGreen®o & <2 gt]).
Z}7ye] AbE-SUVAel| A #zHaltl Panel B. 2479 AHES A7|9 58 E3to &9l
t} Lane M< 1Kb ladder marker (Fermentas)E AF&3lt} Lane P LAMP 4H&E =

pBX-Nosema plasmidE F3 o2 Al£dt}l Lane N negative control®]t},

3
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HoAFo A e N. ceranae-specific LAMPY N. ceranae® 16S small subunit
(SSU)  tRNA  (GenBank, DQ486027)%  targeto@  3lo]  AA . N
ceranae-specific LAMPE 13+ #H4 wh&qe] 2HL F 2BuE 7¢o=z, 7+7r
20pmole®] inner primer, 27} 5Spmole®] outer primer, 5mM dNTP, 10xReaction
buffer, 4U Bst DNA polymerase (NEB, U.S.A)o|™, 564TC2 T4 6053t
N. ceranae-specific DNAE A&z o=z AZAAZIt}, L3 N. ceranae—specific LAMP
£ 1x10°copies7HA HZo] 715dln] e Bo|4de 7pA o thE nlol#2o] whg-8lX]
Fes HAFAuk 3 ar7Fe] An]Ql thermocycler§lo] 27wt o 2% A8 4= o]
7}e3kal SybrGreen A ¢F& o] £3}o] ultraviolet trans illuminator ollA] W&o =2
DNA 1% 1o 75 s 4= lo] dAoA] b= A &7bs3st7] wed w9 &
d Aoz grdrt

7. probiotics A&l g3 454, 4

=2
i)

S
s
i)
A
oxb

7}. Probiotics A& & %

=
BN
ofL.
ey
1o
e
o’
_‘)]_4/
)

Probiotics A2 & % WX B7E F F 307/ T2 201093 119 F 3719 2o ¥
% Azlde] s Sol7d. 2010d-011d8) ALe S8 397 AdA5, ZAo| A4F
e BAZ 9% A 09 2B, e waje] 9% 4ol AxT Aoz 4T
ek WA 29 Fo A +9Ae) LEE HurLo] Y4 SEE WX BEE ol
2, 95ERe A ¥ 9% AN B 2T nwa gou) 29 s Y H1
7)ol @4 sEolael 397 &Y A9 9% LAe 234 g 1 2%E wu
s,

L}, Probiotics A2 B % X 579 € ¥4

X o
o ol
o, &
o ©
e
L ofn
ol H{x
4
¥ T
_);
o2
12

(Bkg A" + 21 )& 4%l vF
=
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ek Aol o] FAAER =Hr HF
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=
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el mpolH 2ol EAE FASA, AFBY 9w wAd
-

i=A
= [e)
Nosema apis®Ho] A H B4% 657old, A7 27 SAd B4 1457090
)

9 5 2057l (Nosema A WA 23,

il
[e)
0ROl AHP, larvae A WA Z3H),

7} Bt A AFBY 9l 2 Nosema apis?t WHAH A ofydt 270 H(13H 3 149)
b A, B 2 g A7 F3tel AFB-dlZ2T ¥ Nosema-vl 0.2 3] oM,
o] Z M HFTE 2

270 S 2 A, S A e AHS T

AFB-probiotics®ll thgt g2 AFBe durwt wAad 67173 AFBe A+ ¥
55

Nosema apis’?t s+ WAE 1470
s Aoz gtk 13719 A3F
oz yYpglow 7k A3
) BTE AR

H

ot

W,

gratel = 1374

ot
M
ofl
oft
M
I

&9t

H  Nosema-probiotics®ll et A& Nosema apistt TAH 6713 AF BA et
2 Nosema apis’} &4 SAH 147 B+ 5 NosemaZHo| $ =
137H S e ® gtk Nosema-probiotics? 137] AEETE AR %% 1%

sel 4] AEFoR rglom, 4 A9 ¥ $ESE 99 AFB 49

T
7ro] 7} Baolda, 2nFEae Agdwt 4 B AR
¥ 3-5-1. ¥ A3dA A{¥ DNAZ|W Z9 HAx AL primers
o) % XE]H(; ]:(t)‘ - = - I I PCR
A (&A1) primer ] & primerA & (5’ —>3’) (bp)
AFBl16sNF GTG TTT CCT TCG GGA GAC G
) 554 .
(16s) AFBI6sNR  CTC TAG GTC GGC TAC GCA TC
A A
EFB-NSF AAG AGT AAC TGT TTT CCT CG
e FA 564
EFB-NSR ACG CCT TAG AGA TAA GGT TT
QP-Asco F | TTA GAG GGA CTA TCG GTT CT
5y 148
QP-Asco R TAA CAA GAT TAC CCA GAC CT
AEA
Asp 185-F ATC GGG CGG TGT TTC TAT G
A 312
Asp 185-R ACC GGG CTA TTT AAG GGC CG
24 Nosema-F CTG CCT GAC GTA GAC GCT AT
ey | A 592
&= Nosema-R CTT CGA TCC TCT AGC TTA CG
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3t 3-5-2. & AYeA A& d

#31 YAx % RNA Virus 2AE primers

Socbrood vt | SBVE ACC AAC CGA TTC CTC AGT AG s
SBV-R2 TCT TCG TCC ACT CTC ATC AC

Acute Bee ABPV-PF  TTA TGT GTC CAG AGA CTG TAT CCA

paralysis viis | ABPV-PR GCT CCT ATT GCT CGG TTT TTC GGT 201

Deformed  Wing | DWV-F TCA TCT TCA ACT CGG CTT TCT ACG i

virus DWV-R CGA ATC ATT TTC ACG GGA CG 479

Black Queen Cell | BQCV-F _ TGG TCA GCT CCC ACT ACC TTA AAC

Virus BQCV-R  GCA ACA AGA AGA AAC GTA AAC CAC 700

Kashmir Bee | KBV-F GAT GAA CGT CGA CCT ATT GA

Virus KBV-R" CAG TTA AGG GGT GTT GTT GC Al

Chronic bee CBPV-F AGT TGT CAT GGT TAA CAG GAT ACG AG

paralysis virus | CBPV-R TCT AAT CTT AGC ACG AAA GCC GAG 455

lsrael Acute Bee | IAPV-162PF  AAC GAC CCG AAC AAA AAC AC

varalysis virs | IAPV-162PR CGC AGG CAT CAT ACA CAA CT 162

a9 3-6-1. F=t 19 g 1259 #48 PeAAe dig PCR ()

B9 AER FE 12%9 =W YA g PCR AAF Ado|tl, HHAEE
B3, of7)olA Z7] DNAY RNAE FE3t o, DNAH A thalol=
PCRAAE S, RNAH YA (Virus)ol] thalo]= S HA}

N9EH Bol FA4 FEAE

Lane 1 : 7

A H(AFB) 2 PCR detection(%¥A)

A

o]

iE § 5ol PCRE v} A

& 747 afre ANER FAH)

Lane 2 @ F89 %A% (EFB)9 PCR detection(&4)

Lane 3 : %4 (Chalkbrood, A.apis)® PCR detection(&4)
Lane 4 : A 3% (Stonebrood, A.flavus)2] PCR detection(F43)
Lane 5 @ =A|"H( Nosema)®] PCR detection(%4)

Lane 6 : g& 5ol 29" (SBV)9 PCR detection(=4)

Lane 7 : F4vHH 5 (ABPV)9] PCR detection(&7)

Lane 8 : ¥71E7HDWV)Y PCR detection(%A)

Lane 9 : Black Queen Cell Virus(BQCV)¢ PCR detection(F4d)
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Lane 10 : Kashmir Bee Virus(KV)¢] PCR detection(%4d)

Lane 11 : Chronic bee paralysis virus (CBPV)2] PCR detection(&43)
Lane 12 : Israel Acute Bee paralysis virus (IAPV)2] PCR detection(gA)
Lane 13 : Positive Control (B-actin)(%A4)

Lane M2 DNA molecular weight markero]™, 2719l A3 24 & 19 & AT w7l
AW, A7 due, dA5EA wA4n, vlolgl~Ad DWVS Black Queen Cell
Virus, KBV, TAPV ] WA 7} &40l &A= ATH(E 3-5-3).

¥ 3-5-3 & AN ASH TARLEA O@ 394 49 A3
AFB | EFB gﬁi}é Stone Nosaem SBV |ABPV | DWV |BQCV | KBV | CBPV | APV
1 o o o o o o o
2 o o o o o
3 o
4 o o o o o
5 o o o o o
6 o o o o
7 o o o
8 o o o o o
9 o o o
10 o o o o
11 o o o o o
12 ° °
13 o o
14 o o
5 | @
16 o o o o o
17 o o o
18 °
19 o o o o o
20 o o o
21 o o o o
22 o o o o
3| @
u | @ °
%5 °
% °
27 ° °
28 o o o
29 ° °
30 ° °
a1 °
2 °
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(3) AFB-probiotics &t X3 Nosema-probiotics gHf 3FE9 o] A%
(7}) Probiotics & a9 7 2 4
7y Agared Fol® probiotics ¥ SEUES ofdet B2 FHo| HEE
probioticsE AF-&3ke] Zb7] Az ETh H@AAANA Azt - sHEY 9
AErES oot Sk
@D probiotics B¥3 s#9 (FAHET)
@ probiotics 0.5 wt% s FEE 0O5AHE ) AsEd
@ probiotics 1.0 wt% s &EH (1.0AHET): F5=T
@ probiotics 2.0 wt% s FEE QA T): AEsET
® probiotics 4.0 wt% s FEE 0O5HE ) 2RFET
(1}) Probiotics & sta9e] AW
Probiotics & 3tEY2 ddbgQl 9 Azl me} AX3PeH, 1 Nes
&3 294,
O & 4kg, 29 3kgS uwwWrsly @A Egs A,
@ 1 litere] 2 99 ALS A8 st wseta, ASHAR A3,
@ A9 FJEHSE 30C 2HANAM 3-797F HFEta, 2 AFEoR G
meka BOAF2 o] AWl mEl ]9k 2ol 5F(FE, 0.5%, 1.0%, 2.0%, 4.0%
Probiotics 32| 3}FH-& A 239 o0, o]& oF&3dH;
@ g AxTAANA 8kgol TEHE Alxstd 0w,
@ WA 40 mesh® H7A 43+ s}i-g& F1lsla,
@ 9 AEAAAS Bl wA E4" dg-s Fnlsha,
@ st 4kg, ¥ 3kgs AHsle] et =AM E ALY SE5] EFAIY
® Z+ &gk ulel probiotics Y-S "HAEFFo EFAA 1 liter® 33
® 1 liter?] €92 &34 /A Bto] AAF sty wksetn
@2 71(Chopper) & AH&3te] 538195, lkg7]w o2 AEn) L8 o}
AEAAZ 43s5L, 25C A 397 B EA AT
x AR E L F2A § 2128 (code No. 1009; 3¢ oGRS AE
W, ool= 20119 1€¥ 219 b ow A=A E A,
(t}) Probiotics 3++9 o] HFof
Probiotics & a8 EF AXS A HAHA 0.5%0] 312 A7t 9l
oup, B R seye] Ay Fr1E Uil glelew, Probiotics #Eel
Exfol= AR k).
Ry e] F9l2 2011d 24 17°E]HE1 A2 o) 27t sty e FQlo] Fat
Y &% A3E op7|ed & d7]e] vy 30°Ce oBow wiEstA 3 1kgd 3
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= 1,685.25 mm’Z A YA, ¥R = A8 7007 ©
Mol WoelE 240750 mm’E A4t Qo v Y why
Hsle] BA 1719 yeolE: HE 245400 mm s A

of 34L& tE AWE AES 3xd A 4 9 ANE FAsNaL, FdEghE 7ok
A% 87 119 ol 245400 mm’® FEa1, o] 59 Autel] 83U THE 3-5-4)
¥ 3-5-4. 7] BA (Y9 At Hol9 4.
Wo Aol %9 S ol "y A 19 Hol
1 535 mm 315 mm 1,685.25 mm” 70 ) 24.0750 mm”
2 64.0 mm 415 mm 2,606.00 mm” 108 7Y 24,5926 mm”
3 59.5 mm 415 mm 2,469.25 mm” 99 7 24.9419 mm”
it 59.00 mm 3817 mm 227017 mm*  92.33 7} 245400 mm”

a9 3-5-3. ol Hol HA4 2 oAl HRH )T AL

Bt E el Solde] A& Aol 2200 mmoloH, ©Ee] ZolE 140.0mmeol ¢
oh o HolE fmox (9 Zol/2) x (@59 #oel/2)re] o] uwhEl, 7314159 x
(220/2) x (140/2)° = 2419024 mm’C. & AAENI, = WolE ¥y 14E Fo
Holel 245400 mm o2 U 8Re] Fi= 98575712 Alsbd vk Sopde] M
o Axbe, WA Lol@e] FEI @S mmaYE SAse] 1 Yol(mm)E
F3ha, ol WR 1Y Hi Hol 245400mm e E vl Y AuH A &
olfl HYFE Alete WAooz st vt(Azl 3). dukd oz Byl Fof
A9 Hol= gddY Heols T3 dutEaed ‘n x (FF9 Aol/2) x (dEe

O
Z0]/2); ¥ m = 31415979 A1e Abgstgon 7 WAL mmie® ).
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1¥l 3-5-14. AFB-probiotics 3 3HEHE A3 AP F s Ed 1¥ HF9
19 48] RAS BA 54 F4(d)

Z2011°/03/22

719 3-5-16. AFB—probiotics ¢ 3}&4

o,
gol AAg A EX FA(d). o= i & o] Aol AR



5. %ol AU WAE W 24

t}. Chromosomal DNA 9] +Z3 PCR

Chromosomal DNA F% -2 Genomic DNA Isolation Kit (Bioneer Inc., Korea)& A&
A} 16S rDNAT SSU-27f (5'-GAGTTTGATCMTGGCTCAG-3") 3} SSU-518r
(5'-WTTACCGCGGCTGCTCC-3" )& AFE3lo] =Sl

PCR< pre-denaturation= 94Tl A 583 8833, 94C 30%, 55C 456%, 72T 90
%22 30 cycle® 33t PCR ¥Fg4e] AL primer 7} 10 pmole, 1 ul ANTP(Z}
2.0mM, GeneClone, Korea), 10X Reaction buffer (with 15mM MgCl2), 2.5 unit Taq
polymerase(GeneClone, Korea)®}t 5=%3F DNA 50ngS DNA template® A3} 2
o gkgofe] Zgkl S0ulz vl PCR Z ¥ 1.5% agarose geldoll A A7]dE 3 &
UVatol A #zkgt

t}. Pyrosequncing

Sequencing< bacterial 16S rRNA 2] Fusion PrimersE AR&3te], A AF-4ol A 43
Hdk. PCR primere] ¥3%%  barcode™d sequenceE YFar Aol &AL
unambiguous base (N)o] A3 sequenceE Al A At} Amplification®] A& % Primer
A A= pairwise alignment &318]&-S o] &34 A3t ZE ATt Reads 7S
A target gene (16S rRNA gene)©] o} readsE A9 AlFH ow o= BLASTN=S 4
g 3Fe] Alignment Score(H A 10009t E-Value(HH 1.0)7]5S 9= Al7]+= reads =
Zroll] o] Ao A ALEEHE BLAST dlo]gH|o]~E EzTaxon-eE o] &3ith
AssemblyE E3] 100% Z2 sequences Zbo}l X 31 o] ZH-E consensus sequence
£ A=) Assembly oA TEE{ 3 contig sequenceE Similarity SearchE &3

FeA el BA4S k. CLCommunity TR o2 AxE vlw 243}

iz

[Simple identification scheme] x = sequence similarity to type strain
species ( x 2 97%), genus (97> x 294%), family (94> x 290%), order (90> x 2
85%), class (85> x 280%), and phylum (80> x 2>75%).
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b =l Ay vAdE I 24 29
Hodge ad w=He A dlel EA4%ka e vAE S Fdr] feE FE9
DNA % PCR productE AF&3}e] pyrosequencinge F3§dvh. 7 A3 & 15270 unit
o] AufAtto]l FHelE e, 4836 unite] DNA, 10434 unite] PCR products A& 3

o o SAHA F A AgEA dA s AL ob AR PCR productE AFE-3

WoE B F2 FAY 5 A9

o
of

3% 3-5-5. Phylogenetic classification found in intestine of Honeybee by Pyrosequencing

Phylum Class Order Family Genus Species
Escherichia colf group
Escherichia Escherichia fergusonit
Escherichia_uc
Enterobacteriacese Enferobacteriaceas_uc Enterobacteriaceae_uc_s
Gammaproteobacteria Enterobacteriales Citrobacfer Citrobacter_uc
Pantoca Pantoea_uc
Proteobacteria Yokenella Yokenella_ue
Enterobacter Enterobacter_uc
Enterobacteriales_uc Enterobacteriales_uc_g Enterobacteriales_uc_s
ik Riizobial Bartonellaceae Bartonella AY370186._s
/ ite izobiales e : B
s Rhizobiales_uc Rhizobiales_uc_g Rhizobiales_uc_s
Betaproteobacteria Neisseriales Neisseriaceae AY3T0139 g AY3T0189 s
i Bacilli Lactobacillales Lactobacillaceae AY370183_g AYFT0I83_g uc
) Erysipelotrichi Erysipelotrichales Erysipelotrichales_uc Erysipelotrichales_uc_g Erysipelotrichales_uc_s
Actinobacteria Actinobacteria_c Bifidobacteriales Bifidobacteriaceag Bifidobacterium Bifidobacterium asteroides
Cyanobacteria Chroobacteria Oscillatoriales Oscillatoriaceae Oscillatoriaceae_uc Oscillatoriaceae_uc_s
Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides DQBOI198 s

Abbreviation: un (uncultivable), g (genus), and s (species)

3 3-5-16. Phylogenetic classification and relative distribution using template DNA

Phylum Class Order Family Genus Species

Escherichia coli group (96.8362)
Escherichia(99.11894) | Escherichia fergusonii(2.10252)
Gammaproteobacteria Enterobacteriales Enterobacteriacee Escherichia_uc 0.18021)
Db (99.19904) (99.19904) (99.19904) Enterobacteriaceae_uc Enterobacteriaceqe uc_s
(09.93993) (0.06007) (0.06007)
Citrobacter(0.02002) Citrobacter uc(0.02002)
Alphaproteobacteria (0.72087) | Rhizobiales(0.72087) | Bartonellaceae (0.72087) Bartonella (0.72087) AY370186 5(0.72087)

Betaproteobacteria (0.02002) Neisseriales (0.02002) | Neisseriaceae (0,02002) AY3T0189_g(0.02002) AY3T0189_s(0.02002)

Firmicutes (0,04003) Bacilli(0.04003) Lactobacillales (0.04005) | Lactobacillaceae (0.04003) | AY370183_g (0.04003) AY370183_g_ue (0.04005)

Cyanobacteria (0.02002)  Chroobacteria(0.02002) Oscillatoriales (0.02002) | Oscillatoriaceae (0.02002) | Oscillatoriaceae_uc (0.02002) | Oscillatoriaceae_uc_s(0.02002)

The number in parenthesis indicates relative percent of each classified level identified in a community
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3 3-5-7. Phylogenetic classification and relative distribution using PCR Product

1 Ll Uik Famuy L HpECies
Il:.\-"igu'-""}.-"flu'l-u" ‘:‘:“.C\H'k"! ]
Enierabact er i cen e Enterobacteraceas_nc Enerobacedaceae_ue_s
Carmrmaproteshact eria Enteriba cteriac eae (99, T8 11 (DM638) o
9 TRGG6) (99 TR E00) e (0. 00925)
leren (4TAH
) {0,100 :
Enrerobzcier| Enrerobacier e (000928
Enerobacteriacens_ s Enembadedales_w_g Erterobadertales_ve_s
(0555 (01555 (01855)
Alphaproe ohacieria Rlizobiales Boanomel lacese (015765 ) Barronella (0 15768) AYITOIR6 (01 5768
0.1 B9 [LERNETELT) Rz obiales e (0 00028 Rigzobiler_ue_g (0.00928) Rbizabiales_ue_s (0, 00028)
Betaprotenbacieria (0,00925 Meisseriales (000925 ) Peisseracee (0009285 AYIATOIED g ¢ 000925 AYITOIED (000925 )
. — z Ervdpelowrichaes_ue_s
O1RSS) Erysiprelotrichi i .01 555 Ervsipe lotrichalke s (0,01E55) | Erysipe lotichak s ue (0,01 555 e J_' =
3 J ’ (L0 ESSY
i . Bifdoba erium Biftdobrcierum ax erotder
OO0E28) [ Actnobacieda e (0000 | Bifidobactierales(0.00528) | Bifidomeledaceae DU0S2E) it - ; :
(O0E2E) RS
DUNE2E) Boacterailia (000925 Becteroilales (000925 ) Beactensidacee (000X ) Bae ge rondeles (00023 (RN S RN SR

°l& PCRE B3l $3& 7] Wiol AEd wit #5 F 20) F7F AaL o AA3
2 AEHAY AFH B8 o Add £EXE 100%2 S 9 DNA
298 W 96% o|4o] Escherichia coliZ ElEo] 7o RS

A sk Al QA o™, Escherichia fergusonii?t 212 % WAE ©a U x| 19% 1

(e,

©. 2, Bartonella sp., Escherichia sp., Enterobacteriaceae gen. sp., Lactobacillaceae
gen. sp. wo 2 AN YA Citrobacter sp., Neisserianceae gen. sp. —L#] 3l

Oscillatoriaceae gen. sp.x= 22 W& = 714 vk} 38 PCR productE ARE3F 74

F+ 7 RS Fd F HA, oAl A SRS 2oy Al WAe o mAE
Az v Qar Y x|e A= 5 E(Citrobacter sp., Neisserianceae gen. sp.)©] Z 9kl

% (Lactobacillaceae gen. sp., Oscillatoriaceae gen. sp.)©] AFeFA|aL Fo] A& A

=

=
A}, 1 8FLS Enterobacteriales sp., Erysipelotrichales sp., Bifidobacterium
asteroides, Rhizobiales fam. gen. sp., Pantoea sp., Yokenella sp., Enterobacter sp.

193l Bacteriodes sp. ©]t}h.

=& FAR dolr] DNAE FHE3Fo] #2438 Cox-Foster & (2007)9] Ao Al K
ol%  F(phylum) &= Firmicutes®}  “(class) G2 Actinobacteria,
Alphaproteobacteria, Betaproteobacteria Z12] 3 Gammaproteobacteria =5 ©] 179
Ao A FA 1o, Z(species) ol A= Lastobacillus sp., Bifidobacterium sp.,

Bartonella sp. 5°] &%y Gluconacetobacter sp.$t Simonsiella sp.= &2H
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Pyrosequencing©] ¢} T-RFLP W& o] &t & A9} 71 FAFSHA Al
e AJEYRS ©]€3%  Babendreier % (20079 Aol wuys A=

Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes?7} =% 2+

rO
it}
s
(o
=
1y

coli®t YA Ao we &3 FEo] AFAE Fdr)h o= AFAd ¥, &l
9] F(honeybee species strain), #4 W T Zold WME ZHOE AT EHH o

= 3749 A7 ook @ Aoth

o] ATE T3 7ol BuHA FhA 21 Cyvanobacteria’t HEH Ho| Folsti
& oA Citrobacter sp., Enterobacteriales sp., Erysipelotrichales sp., Pantoea

sp., Yokenella sp., ZL¥]3l Bacteriodes sp. 5°] MEA wAago =z goz o5 Ay

AFES) 7)%5¢ F o 9ds A2 9as} Qe Are.
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A6 A dF AL A2 337 9 AAF AFR
1. A o xE o g3 diF AL A2 3y
Zh = w ke wiA JiEES 91d HA gad 2 A x4}
B Ao A Paenibacillus larvae subs. larvae KCTC 37449¢ Nosema trichoplusiae

ATCC 30702 w3 gt &/d-go] Heolurtal A ke L plantarum YML0049] b &tE
Qete] uigm el AbEE WA x27& FHAFSITE V| 2WIAZAE Lactobacillus
medium % MRS ¥ X](10g Proteose peptone No.3, 10g Beef Extract, bg Yeast
Extract, 20g Dextrose, bg Tween—-80, bg Sodium Acetate, 2g Ammonium Citrate,
0.1g MgS0s, 0.05g MnSO., 2g Dipotassium Phosphate /L)E o] £ 3dlt) 429 &©4<

2 AAA9 modification®] 4§, 7|Z#]XQ] MRSE 7|E2o= 3o ©AY 8F
(Maltose, Galactose, Lactose, Saccharose, Soluble starch, Fructose, Glucose,
Mannose)¥ A4 65 (Tryptone, Malt extract, Potassium nitrate, Ammonium

sulfate, Ammonium nitrate, Casein)oll tst 5 AAWSIE ZASUH(E 3-6-1, 3%
3-6-2). 30A17F&<r 3hr 1A 2= sampling k] ODgionm @ WIS 2] pHSAske] A5 &
BE v}

3t 3-6-1. &49 94

234 [REatal H| 3L
Control Dextrose Control(MRS ] A A}-&)
Add ] maltose gAY 1% A
Agld 2 galactose g 12 9j
Add 3 lactose gAY 1% A
Add 4 saccharose gAY 1% A
Agd 5 Soluble starch gAY 1% A
Add 6 fructose gAY 1% A
Agld 7 glucose g 12 9j
23d 8 mannose a9l 1F A7

* Control MRS WA & A} &3¢, 242te] dAag2 MRSE WX =49 Dextrose® ol
ANasta] Frlslg o o9 wWAAARE L MRS 7| RARH ¢ FA&HA Axshgct

AL =

gy E N 249 B 249 C 249 D vl 51
Control (MRS¥H}A)) Yeast extract Beef extract Peptone Ammonium citrate

Add 1 Tryptone
A 2 Malt extract PP
el 3 Potassium nitrate
22 ! ¥y ge A
el 4 Ammonium sulfate -
Add 5 Ammonium nitrate 1% W73
Add 6 Casein

% Control& MRS WA & Al&3l9a, 29 AAL9e MRS WA A9 Yeast extract, Beef extract, Peptone, Ammonium

citrateE ™Alste] A7relg o o9 HjXAHEE MRS 7|EA4 R Fde] AxFo
* 99 dde drd B C DI HANE BLA AP}
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o] Ao A9 E wix RS ¥ vjAE 30A7HEe 3hr FE 22 sampling
3] ODgoonm @t Wl FH o] pHEA S A5 2} 5b At g4 Foll A glucose <}
saccharose’} A4Eo] vy 3-6-1, 219 3-6-2).

(il
=
=

off

25
2
15
E
=
g
o 1
o
0.5
0
Ohr 3hr 6hr Shr 12hr 15hr 18hr 21hr 24hr 27hr 30hr
-0 -a. galactose ——b. lactose —& -c. saccharose
—k—d. soluble starch --- Q-+ e. fructose —e—f. glucose
—#—g. malate —¥— h. mannose - @ —i. MRS
a9 3-6-1. §49Y F5ol ©E ODeonm® W3t
8
7
6
3
4
I
2
1

Ohr 3hr shr Shr 1Zhr 15hr 1ghr 21hr 24hr 27hr 30hr

=0 -a. galactose ——b. lactose —A -c. saccharose
—&—d. soluble starch ---Q--- e. fructose —e—f glucose
—#—g. malate —¥—h. mannose - ® —i MRS

a9 3-6-2. ©@4

e
ofN

Frol e pHel W3}

e Z7hel Adaddt g wixxdEs 22 wAE 30AFset 3hr (A0 2 sampling
3Fo] ODgoonm @ ¥1F N ] pHEA SIS AS 595 vwd d3 Ao FolA Tryptonest
Malt extract’} AAEo] =vH1d 3-6-3, 18 3-6-4). (Casein® 7Z-¢ L7 EA
A7 curd’t A AS &3 SAHo] e dth)
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3.5

3
25
2
E 15
=
]
o
o 1
0.5
0
Ohr 3hr ghr Shr 12hr 15hr 18hr 21hr 2ahr 27hr 30hr
=0 -a. tryptone ——b. malt extract —A -c. potassium nitrate
—k—d. ammonium sulfate --Q-- e Ammonium  nitrate —8—f. casein
—+—g. MRS
a9 3-6-3. 249, 7N @4 E ODsoonn® W3}
7
6
5
4
3
I
[~
1
0
Ohr 3hr shr Shr 12hr 15hr 18hr 21hr 24hr 27hr 30hr
=0 -a. tryptone ——b. malt extract — -c. potassium nitrate

—k— d. ammonium sulfate Q- &. AmMmonium nitrate —#=—f. casein

—+—0g. MRS

19 3-6-4. 229 FH B pHe W3

gadyd Ao Top2E 479 & HE 47 S8k (&
7z

3-6-4), L. platarum

7]
YMLOOo] 714 F<37 ks 12877244178 Abo]l 3A17F zFA o ®  samplingdhel]
ODgoonm, BT Al<b vl o] pHEA, WAT(P. larvae subsp. laevae KCTC3744.)°l tf
Sk gt e AlgS Alddt) e d A3 paper disk assay o= =4 gt
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group A B C D
carbon source glucose glucose saccharose saccharose
nitrogen source tryptone malt extract tryptone malt extract

A 1% WA oA L platarum YMLO042] ODsoonm, A
A2y 3-6-5, I1¥ 3-6-6), ©HAYUSZE GlucoseE A&

Ein

Aol vjFel o] pHE XALSH
3l AAdo R Tryptones At

&3k wjAo A TP = AR E3E Wt i AAYO R tryptones AEEo =
Adsl AHAFAANAN FE271E GSAAH o] F2E AS AT

25

20

15

3T

3.6

3.5

3.4

10

clear zone diameter (mm)

Hd

33

3.2

=5

2ih
C 2 (mm)

——C pH

S

1% 3-6-5.

5.00E+09

24h
D 2 (mm)

—o—D pH

L9 ¥t 3 pH

4 50E+09

25

4.00E+09

3.50E+09

3.00E+09

2.50E+09

2.00E+08

Live cell {CFU/ml)

1.50E+09

1.00E+09

5.00E+08

0.00E+00
12h
--#--A CFU/ml

15h
--&--B CFU/ml

18h
—{—C CFU/ml

21h

—a— A ODG00ONM —=— B OD600nmMm —e =C OD600nm

24h

—0— D CFU/ml

e ixiees D ODG00ONM

a9 3-6-6. 497 249 259 AT 2 ODswonm
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WA (P. larvae subsp. laevae KCTC3744.)0) o3k sk Ald-S Aldisl 23} 84aY
02 (GlucoseEs AHEsla AAUo = Tryptones AHE3H ¥R 7} Clean zone diameter”}
23mmo.= 7Y &atddo] oy 3-6-7).

Clear zone
C, N source .
diameter(mm)
glucose+tryptone 23
glucose+tmalt extract 22
saccharose+tryptone 22
saccharose+malt extract 20

a9 3-6-7. @49 AL aFe FAFEA

L i e wi A e AR v AN 24}

G A Fol Hold w3 (L plantarum YMLO04)2] 233t 913l of aFuj kel A}
SE A x7AS ZAY. V|2 X 24 = Lactobacillus medium<s MRS ® %] (10g
Proteose peptone No.3, 10g Beef Extract, bg Yeast Extract, 20g Dextrose, bg
Tween—-80, bg Sodium Acetate, 2g¢ Ammonium Citrate, 0.1g MgSO,, 0.05g MnSOy,,
2g Dipotassium Phosphate /L)E ©]&3dth. MRS9 #] &< 4 (Polysorbate 80, Sodium
Acetate, Ammonium Citrate, MgSQO., MnSO,, Dipotassium Phosphate) $FaFg 7] ¥ o
2 ZF7} kS 0%, 50%, 100%, 200% = A3k % ODsomm, At A5t wlFde] pHS
Aate] A BHE ZAMITHGEE 3-6-4).

3 3-6-4. M FAL FF =2 (g/L)

sodium Ammonium Dipotassium
TWEEN-80 acetate citrate MgS0: MnSOs Phosphate

A-1 0 5 2 0.1 0.05 2
A-2 05 5 2 0.1 0.05 2
A-3 2 5 2 0.1 0.05 2
B-1 1 0 2 0.1 0.05 2
B-2 1 25 2 0.1 0.05 2
B-3 1 10 2 0.1 0.05 2
C-1 1 5 0 0.1 0.05 2
C-2 1 5 1 0.1 0.05 2
C-3 1 5 4 0.1 0.05 2
D-1 1 5 2 0 0.05 2
D-2 1 5 2 0.05 0.05 2
D-3 1 5 2 0.2 0.05 2
E-1 1 5 2 0.1 0 2
E-2 1 5 2 0.1 0.025 2
E-3 1 5 2 0.1 0.1 2
F-1 1 5 2 0.1 0.05 0
F-2 1 5 2 0.1 0.05 1
F-3 1 5 2 0.1 0.05 4
Control 1 5 2 0.1 0.05 2
MRS 1 5 2 0.1 0.05 2
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Tween-802] 7% MRS &HsF div] 200%E 22 x|l A 47x10° CFU/mlZ 44 E°]

o] vrolrt(1yl 3-6-8, 19 3-6-9).

r 65

35

un
i

BSSSYA-3pH  [C_JCONTpH r2ZZa MRS pH

EzzA A-2 pH

m— -1 H

— A-100 ==(m=A-)00 == A-300 =0 «CONT OD ==fl==MRS OO

19 3-6-8. Tween—-809]

1.00E+10

A-2

—_r Al
-l A3

= e COMT

i [R5

)]
o
+
18]
o
o
=

1.00E+08

(1w /nd2) 120 3N

1.00E+07 L

18

15

12

3t

of Wz 4

F

B
=

19 3-6-9. Tween—-809
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Sodium acetate?] 4% MRS & thn] 200%E 22 8)xo A 57x10° CFU/mlZ 7}

AAES HHFom (28 3-6-10), MRS &% ] 0%E 2 wjxeo A$ HA

pH=F7F 35¢0 8 whal 200% 5 w2 HlA

Z219] Wyt 29(a8 3-6-11).

o}
3

.

| 442 o] wWslel| uwl pH

27

pH <+

-
1.

r 65

35

F 55

-

RN

24

ZZZZ MRS pH

ER=NB-3pH [ 1CONTpH

EZzzA B-2 pH

— 51 pH

B-300 == «CONTOD ==f==MRS 0D

=4 B-100 ==(==f-200 ==

-6-10. Sodium acetate?]

a4g 3

1.00E+10

B-2
= == CONT

-4 B-1
== B-3

o o
[} i
T -
Ll Ll
[ [
[} ]
i =

(lwfn42) 120 aan

i [R5

1.00E+07 -

18

15

12

dt e

of w4

F

B
=

19 3-6-11. Sodium acetate9
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Ammonoum citrate?] 4% MRS gk tn] 200%2 92 w19 A 6.6x10° CFU/mlZ

FEo] BYrh(d 3-6-12, 718 3-6-13).

r 65

35

I 55

i)
El

FZzAC-2pH ORRNC-3pH  [C__1CONT pH ZZZA MRS pH

m— -1 pH

=4 (100 =—==(200 =44=C300 =0 «CONTOD==fl==MRSOD

19 3-6-12. Ammonium citrate?]

1.00E+10 |

-t C-1
== C-3

=y}
=
+
L
=]
=]
=

(wfn43) =0 ann

= = CONT

1.00E+08

i 15

1.00E+07 -

18

15

12

dt e

of w4

F

B
=

19 3-6-13. Ammonium citrate®)
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=z o) A 4.9x10°

1 O
T

Hi A2k 50%

=2 o
= o -

200%6

Tl

5}
i

T

RS

M

)
-+

%
CFU/mlZ A&Eo] 714 %t} MRS & the] 0%E 22 vl A of A

MgS0O,2]

3.9x10° CFU/ml

-
1.

2 HAo] dri(1dY 3-6-14, 18 3-6-15).

r 65

35

i
i

L 45

MRS pH

FFIF

pH

D-2pH  RssN0-3pH [__JCON

B

= D-1 pH

0D == RS 0D

=4 [-100 ====D-200 =4=D-30D0 =0 «CONT

sl o}

T

14. MgS04

19 3-6-

1.00E+10 |

T

=
= ™~ M
N
s L m
._.__.

o
=
+
Ll
o
s
=

(lwfn43) 120 a0

=

1.00E+08

mi [R5

1.00E+07 -

18

15

12

3t

of e 4

g

a9 3-6-15. MgS049]
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2 MRS 3k tH] 50%8 2o wF oA 4.7x10° CFU/mlE A 4Eo] 7}

MnSO.2]
=k MRS &% di¥] 200%E 22 HiX| Y MRS 3 div] 0%E 22 A

MRS

-
1.

#H 2 vt (1¥ 3-6-16,

50960l W&l Al el 509671

F ] 0%+

s}
¥ 3-6-17).

MRS

r 85

3.3

L
]

w
-

0.5

24

21

18

15

12

C——1CONTpH MRS pH

RSSN E-3 pH

Bz E-2 pH

— E-1pH

=t +f-10D0 ==(m=f-}00 =@=EFE300 =0 CONTOD ==fll==NRSOD

-6-16. MnSQO4

3

1

1.00E+10

-—f E-1

Ly
=]
+
Ll
[=]
=]
=

(lw/nd3) =20 aan

E-2

-l E-3

= = CONT

i [R5

1.00E+08

1.00E+07 L

18

15

12

d 3t

= A
g

a9 3-6-17. MnSO4 &

-123-



Dipotassium phosphate®] 7-¢ MRS 3t ] 0%E 2< W= 44 54x10° CFU/ml

o} ).

=] 7}

BN
T

Dipotassium phosphate®] 7% MRS

olth(1g 3-6-18, ¥ 3-6-19).

65

35

535

A
el

wupeqO

0.3

24

i

21

18

15

12

C—ICONT

SSSN F-3

A F-2

¥ZZ7ZA MRS

=t *F-100 ==m=F-200 =@=F300 ==0 CONTOD ==fl==MRSOD

o

¥ 3-6-18. Dipotassium phosphate

1

1.00E+10

F-2
= == CONT

—_ F1
- F3

=]
]
+
Ll
=]
=]
=

(lwfn42) 120 aan

1.00E+08

i [R5

1.00E+07 -

18

15

12

dt e

of w2 A4

F

B
=

19 3-6-19. Dipotassium phosphate
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ot w kg A S 97 Scale up

(1) 7L FermenterS ©]-&3F vk
7] Al HZA wjx] Z2A(20g Glucose, bg Yeast Extract, 20g tryptone, 2g
Polysorbate 80, 10g Sodium Acetate, 4¢g Ammonium Citrate, 0.0og MgSQO,, 0.025¢
MnSO,, lg Dipotassium phosphate /L)& 7|¥Fe 2 7L fermenter (Kobiotec CO.,
LTD) & o]&d}e] 2417159t 2hour 7HAC 2 samples #3lo] pH, CFU/ml, ODsioumn

2 Z2APNE 3-6-5, 118 3-6-20, 18 3-6-21).

3 3-6-5. 7L fermenterol W ¥¥ L. plantarum YML0049 54

hours OD pH CFU/ml
0 0.488 6.1 3.80E+07
2 0.532 6 3.90E+07
4 0.852 59 1.13E+08
6 1.967 5.3 5.90E+08
8 2.553 4.7 3.30E+09
10 2721 4.2 5.60E+09
12 2.824 4.1 1.80E+10
14 2.824 4 2.70E+10
16 2.886 4 2.80E+10
18 2.824 4 8. 70E+09
20 2.959 4 6.20E+09
22 2.886 4 4.90E+09
24 2.959 4 3.20E+09
3.5 6.5
3 6
25 - 5.5
2 5
5E~ 15 - 4.5
bl =
o =
— 1 . |
:
-5 05 4 - 3.3
————————— sl

Q

pH —*—0D

1% 3-6-20. A7 L. plantarum YML0O049 pH ¥ &3 % (7L fermenter)
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100E+11

=1 00E+10

1.00E+09

Live cell(CFU/ml

-5 LOOE+02

1.00E+07

0 2 4 6 a8 10 12 14 16 18 20 22 24

a9 3-6-21. A7v8 L. plantarum YML0049 A< (71 fermenter)

~

7] AdE HA wx 248 7vro 2 7L fermenter (Kobiotec CO., LTD) & o] &8}
24N 750t 2hour 7HA S % samples #F39] pH, CFU/ml, ODsorms = 3ICE o] A+
= AR 1647 F 28x10° CFU/mIZ 7P %ol Agkony A 1247154

10° CFU/mlo]’d AFskct),

(2) 30L FermenterE o]k ulj<

HEHog 7] Mg H4 wix] 24(20g Glucose, bg Yeast Extract, 20g tryptone, 2g
Polysorbate 80, 10g Sodium Acetate, 4¢ Ammonium Citrate, 0.00g MgSO,4, 0.025¢
MnSOs, 1g Dipotassium phosphate /L)< 7]HFS.2 30L fermenter(Kobiotec CO., LTD)
E o] g3l U4rZHESt 2hr HAC 2 sampleS 3 ODgoonm, BT AlG9} vk o]
pHEAs] A T35 AMIYHGE 3-6-6, 21§ 3-6-22, 219 3-6-23).

¥ 3-6-6. 30L fermenterdl ®¥l¥H L. plantarum YML004 2] 54

hours oD pH CFU/ml
0 0.249 6.1 4.10E+07
2 0.363 59 4.80E+07
4 0.995 55 2.63E+08
6 1.911 49 6.60E+08
8 2.684 45 458E+09
10 2744 42 7.60E+09
12 2824 4.1 1.53E+10
14 2.842 4 2.72E+10
16 2.899 4 3.60E+10
18 2.842 4 3.40E+10
20 2.999 4 1.39E+10
22 2.852 4 8.28E+09
24 2.886 4 6.29E+09
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[
wn
]
-
i

o

E 25 - 55
S5 2 5
Td

O 15 a5 T
N

T ! 4
v

@ 05 35
- 4

5 o 3

o 2 4 & 8 10 12 14 16 18 20 22 24

pH —4+— 0D

19 3-6-22. A 7ZW L plantarum YML004¢] pH 2 &3 %=(30L fermenter)

1.00E+11 -

1.00E+10 -

1LO0E+0% -

1.00E+08 -

Live cell (CFU/ml)

1.00E+07

0 2 4 5] 8 10 12 14 16 18 20 22 24

a9 3-6-23. A7V L. plantarum YML0O04¢] A3 (301. fermenter)

FEAH o7 30L fermenter(Kobiotec CO., LTD)Z o]&3lo] 24A)7H5¢t 2hr 1202
samples F 3t pH, CFU/ml, ODsoomme S8 I Hl Awre ol A2 16412F 5
3.6x10" CFU/mIZ 714 @o] Agtom, 7L} wpx7pA 2 w2} 124]7F o] TH-E
10" CFU/ml °]’¢ #AFgkot.
. A A
b AAE A A
(1) A AE A2 probiotics PlAA=2] &8 7o we} Az
(2) AAFES VAR e Frddel F $5dW 1x10° CFU/mI o] do] ==
vk 3le] A= Az}
(3) /gd AAEFS s A7 A7 stuolA sRw oz waste | ol AR

-127-



g
e
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i
A=
=2
10
\J
=)
H

AN E R

RO

-y Ay el g
ol 958 v
A4l S

> Fu Fro HEGH 2
olstery 4 1

- it By S5 wEel A%

=3 i=]
54 24

FHo] $5d W% AU FUGE

= 2y dlto] o
P. parvulus YMLOOZ2, L. plantarum YMLOO4, Leu.

plantarum YMLOO1,
citreum KM20)
AdbEl SR 77 Wl AedS A AlETE v FAEAATY A
S oA A ew, 58] L. plantarum YMLO04E 70% A%=e] 44S o
A

T Nosema ¥AE T3 & Add $H 475 Foste] Xz} o}
2 59 @ da Fu @FE Folshd @ AdTl sl o 10009 ¥
A obzh oA g

» AT TS e EE BN
92 Ed AT

- Probiotics 2 F& 4
A

- Probiotics &#¢] &4

gryg A 7FF9 wjok AFS N NaOHZ F3A171 A3, sade 7
H 235 Yelon e S sk &

L. plantarum YMLOO19] &2 £A]

olfol 7 #ES 717 EAL lactic acide} FAFE EE 2 BvhE

L. plantarum YML0049] &2 #X& MALDI-TOFE AA|3}%on, #A
A 2714 B4 peak’} YEH. 6656.648 m/z9 EAES 717 EHS
lactic acide.® #AHEY oW, F71F o2 5043.464 m/ze EXHE 713

242 A B+ YL _ _
AAel, pH Wa, & ALols o Gt Bl FA5] WA B8
o 43

» 12} SRAFE 0|83 in
vivo 238 A&

- Bee egg % Bee larvae©l
9] 3} probioticsFH.9]
A 3A] testo] AA A
2 2 (AFB, Nosema)

SHA A WS 7R aL 9o, SHAA 9 E3HALE-o] 7
ol WA A T WY Bl 2ctsie] oFEMY,
testZ 8T F Adv A2 AIAUHES MAE ol HEs4E2E
gyd, WHEHSAAEHS HSREAET =Avp dHd Aol
probiotics el Hg3l=s HA 3

AFB-specific Real-Time quantitative PCRH< 24 7f4kst
Nosema-specific Real-Time quantitative PCRE& A4 74kt

» AFB, Nosema®] oA %
X B A2 M EL probiotics
Trol At A& H
A9+ probiotics 2
S5-a3 ¥4 g+

A Ao 2 ¥ probioticse] A AS ©]&3 AFB-probiotics $Hr
= Nosema-probiotics § 3% A%

AFB-probiotics T3 Nosema-probiotics®] Tt} Foi= FHH o] oAk v
45 9 ol TS o] A &

AFB-probiotics 3Ht® A elgt AA B+ T Avew 2 T H
T AHAFE AS dEz2TY 2SS AE 715 DA ARSI AS S
7+

Nosema-probiotics 3HE=%H A3 HAA B 5 Ased ¥ F5%
HAd F A7 45

SY
1o,

» UE A A|xEle] B Y
A AE A=

- aAulg 22 o] g3
Ak Al mE Y

- AAE A

Nosema-probiotics 3HE®S A3 7 AdTe] BA= 2% 9 %
= AgTA  gExTs A dAe BA AFE 2o F9
Nosema-probiotics7} &34 A% 3L 39
o] AtollA 7H¥tE ProbioticsE dY F wH HHol| o3 & &35}
= Ao=Z #sH, 7 probioticsd FEE G o] Sold ¥ F9}
WS AAI7E e Aer Iy
AT ArYEs 2549 AFES A8 A7 glucose$) tryptonel 2
FoolEsE ek wix] 2elA Ho AFES Ve

clo

O = tryptoned ©]&3% A3} probiotics? A FE=7|7F ©@EE ]
| FXEE AL gelsdon, adHgor o] go] go]gt

Adke HA wjx] 2SS 7|vte R o] 7L, 30L FaFxE scale updt
o™ probiotics®] 2 ujA¢l MRSe| H]s 10u] o]4te] AL gheldt
T57F 1x10° CFU/ml ©]/do] H == wjkale] AoAl= A3

A A AES sHEw dhgol o]&¥o] A Hrp HAAF

ol B~ ofo B|ol
rot

]

N oo ix & oo
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v EA e Alwte] gk FrdEde JHAE HEwWEHE SdEE
YMLOOL, 7] mlAES drdhs @ vdE AA 2 A7) vAdEs o8
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v EAEe] Sl
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=l (144)
FEl A, & 20099 d =W AR A RIE. Korean ], Apiculture, 24(4),
213278, 2009

Frul A Hga wEdt §1W< Chronic Bee Paralysis Virus® ¢S 93 Real-Time
]

PCR e 9] 7|, Korean ]. Apiculture, 25(1), 31-37, 2010

Phu Van Nguyen, Ji-Na No, Sang-Hoon Han, Sun-Hwan Kwon, Yong-Ha Park,
Byoung-Su Yoon. Development of Sachbrood Virus-specific PCR detection based on
stable Capside Protein Sequence. Korean J. Apiculture, 25(2), 115-122, 2010

Kim Cuc Thi Nguyen, Mi-Sun Yoo, Sang-Hoon Han, Sun-Hwan Kwon, Yong-Ha
Park, Byoung-Su Yoon. Generation of Specific Monoclonal Antibod against
Recombinant Major Royal Jelly Pretein 1 (MRJP1) from Honeybee (Apis mellifera).
Korean J. Apiculture, 25(2), 129-135, 2010

Phu Van Nguyen, Ji-Na No, Mi-Sun Yoo, Yong-Ha Park, Byoung-Su Yoon.
Over—expression of Major Royal Jelly Protein 3 from Apis mellifera in E. coli. Korean
J. Apiculture. 25(3), 163-171, 2010
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Mi-Sun Yoo, Ji-Na No, Van Phu Nguyen, Yong Soo Choi, Yong-Ha Park, Byoung-Su
Yoon. Developmemt of Ultra—rapid Real-Time PCR Method for the detection of Chronic
Bee Paralysis Virus. Korean J. Apiculture, 25(3), 193-199, 2010

Ji-Na No, Nguyen Van Phu, Mi-Sun Yoo, Yong-Ha Park, Byoung-Su Yoon. Simple
and Rapid Method for Detection of Deformed Wing Virus (DWV) by Loop-mediated
Isothermal Amplification (LAMP). Korean J. Apiculture, 25(3), 211-216, 2010

o|R# %X Nguyen Van Phu, v, w83} &<, Loop-mediated Isothermal
Amplification (LAMP) & ©]&38 Nosema Ceranae H4EH
25(4), 267-274, 2010

7h8E Korean J. Apiculture,

Mi-Sun Yoo, Van Phu Nguyen, Ji-Na No, Bo-Ram Lee, Yong-Ha Park, Byoung-Su
Yoon. Development of Ultra-Rapid Real-Time PCR Method for the Detection of
Nosema. Korean J. Apiculture, 26(1), 21-27, 2011

Phu Van Nguyen, Ji-Na No, Bo-Ram Lee, Mi-Sun Yoo, Byoung-Su Yoon. Detection
and Quantification of Major Royal Jelly Protein 1 in Honeybees by ELISA using a
Monoclonal Antibody. Korean J. Apiculture, 26(1), 71-77, 2011

Fu A, ol wE AAL sHe S EEe AW wAE ¥ ZAL Korean .

Apiculture, 26(2), 87-92, 2011

Mi-Sun Yoo, Sang-Hoon Han, Byoung-Su Yoon. Development of Ultra-Rapid
Real-Time PCR Method for Detection of Black Queen Cell Virus. Korean J.
Apiculture, 26(3), 203-208, 2011

Phu Van Nguyen, Sang-Hoon Han, Byoung-Su Yoon. Development of a
Metalloproteinase Gene Based Loop Mediated Isothermal Amplification Assay for
Detection of Paenibacillus larvae. Korean ]J. Apiculture, 26(3), 213-220, 2011

Frj A, ol =21 Nguyen Van Phu, #% <. Black Queen Cell Virus A Zg v
2o 99 Korean ]. Apiculture, 26(4), 275-282, 2011

(2) =9 @23)

>

>

Mi-Sun Yoo, Kim Cuc Nguyen Thi, Phu Van Nguyen, Sang-Hoon Han, Soon-Hwan
Kwon, Byoung-Su Yoon. Rapid detection of sachrood virus in honeybee using
ultra—rapid real-time polymerase chain reaction. Journal of Virological Methods, 179(1),
195-200, 2011

Min-Hee Kang, II-Wook Kim, Dong-Woo Lee, Mi-Sun Yoo, Sang-Hoon Han,
Byoung—-Su Yoon. Development of a rapid detection method to detect tdh gene in
Vibrio parahaemolyticus using 2-step ultrarapid real-time polymerase chain reaction.
Diagnostic Microbiology and Infectious Disease, 69(1), 21-29, 2011
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g = 2 A e e
(1) =) &89 (13)

»

v

(2)

»

Nguyen Van Phu. Generating of specific monoclonal antibody against
recombinant virion protein 1 gor development of immunoassay kit for the
detection of sacbrood virus. A|262} Sh=r F%-813] 2011

Mi-Sun Yoo. Application of ultra-rapid real-time PCR method for honeybee
viral disease detection. A|262} 3+ %813 2011

Bo-Ram Lee. Trend of honey bee diseases detection method in Korea. A|26x}
ey Feets], 2011

Ji-Na No. Development of detect to honeybee diseases take advantage of
loop—mediated isothermal amplification (LAMP). A26x} 3F=+%k%-3}3] 2011
Byoungjoo Seo. & F-AW 9 w=Avl Pdie] ASS AA S ZEno] oY

2. A|26AF Sharka-eks] ) 2011

Bo-Ram Lee. Detection of ascosphaera apis causing chalkbrood disease by
using loop—mediated isothermal amplification (LAMP). A263} &= k%813,
2011

Ji-Na No. Development of RT-LAMP (reverse transcription loop—mediated
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