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Bee Pathogens and the Utilization of Bee Immune Substances
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ABSTRACT

Honey bees as well as other living organisms have to face with several pathogens,
thus they have to develop immune to fight with the infecting microbes. the knowledge of
bee immune has been normally, used to select some resistance strains of honey bees to
some diseases which tremendously help the success in apiculture. This knowledge has been
currently applied for several useful aspects such as the transfer of antibiotic producing
genes form honey bee into some plants to make the GMO plants resist to some plant
diseases. These target genes were transfered into yeasts to get some new antibiotics that
were also transferred into some insect vectors. The mosquitoes were raised as an example
a the vectors for malaria and hemorrhagic fever, so that the GMO insect can destroy or
reduce the microbes pathogenicity. Some important bee diseases, factors that effect and
types of bee immune system, antimicrobial peptides and their applications, the diversity of

some genes involving in bee immune was summarized in this article.

Key words: honey bee immune system, antimicrobial peptide, antibiotics, genetic

engineering organisms
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2.5 94. (Figure 2a)

Figure 1. Symptom of sacbrood disease, the abdomen of infected bee larva swelled

up because of viral particles (a) (Anon,2006a); sacbrood - side view of prepupa stage (b)

(Anon, 2006¢); dead brood will be found scattered among healthy brood (c) (Anon, 2006e)
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Figure 2. Symptom of bee larva infected by American foul brood, sticky thread like of
infected bee larvae (a) (Anon, 2006a); laterally protrudes of proboscis in infected pupa (b)

(Anon, 2006h); pepper-liked cover of infected cell (c) (Anon, 2006h)

Figure 3. Symptom of bee larva infected by European foul brood (a) ( and larvae with

European foul brood in comb (b) (Anon, 2006b)

Figure 4. Spore of Nosema apis 400x (a) (Anon, 2006j) and infected gastro - intestinal

tracts well up (bottom) in comparison to normal (top) (b) (Anon, 2006f)

Figure 5. Mycelium an ascocarp of chalk brood disease projects/microbial/micro
(a) (Anon, 2006i); mummified larvae:http://photo.bees.net/gallery/chalkbrood (b) (Huang, 2006)

and On covering cell, containing infected bee larva (c) (Huang, 2006)
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dwﬁmmnﬂlumaﬁﬁm%aﬁ wazluslada
(Glinski and Buczek, 2003) (Figure 6b)
3.1.3 nﬁguﬁaumaéw%mﬁaaan
(nodules or tumors formation) NTEUIUNTT
wsniliieannisfisasnunazaasidsuyan
Uasnld  Fedesrsuszdalunseduld
AR DALLIFIANTIUIUDENIITIALS
(exaggerated cell) Tumsidndansavidalsn
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\fioven (Glinski and Buczek, 2003)

Figure 6. Blood cell trapped engulfed and
destructed pathogen (a) (Anon, 2006c¢); en-
capsulation of body (b) (Kraaijeveld, 2006)

UBNIINNILVIUNTTDINHAN U
3 wupfiisandiadeauds Haldands
i]aaﬁ’ummngnmaaL%ﬂisﬂimﬂmmﬁaﬁ’maa
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doglycan) (Boman and Hulmark, 1987)
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(Rhaman et al, 2006) Hayainanil légnuily
THsslomintnennlunsdaniseavig vde
a?ﬂTﬁmmiLLdﬁoﬁﬁﬂmmmumwﬁmmi
povfuilnanionatn uananazyinli a5y

mwﬁwmn@uﬁnﬂwamﬁ’m"ﬁmnﬁoLLé'JEJ’o

(Y3
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Anlsalutlsznsiléangas (Anon, 2005)

4. msﬁwqaftwﬂs:mmwﬂ‘lﬂﬁluﬁa

Bulet ey stocklin (2005) 918974
Frsrsfugadnystianwdinddngnasie
NNLIaLEeA midau‘[mjﬁﬂi:qau (cationic)
avara uIldu9aIu (amphipathic) &7
ynillassauuuiuiwduinfodanuadn

(o helic) v3adansauziiuindulg doiindu

Tasnsaswvisuuuiuauasiu (B-hairpin)

=2

Fofinalnyiaeslai s LAre1ITULTITY

a ]

ﬁﬁIﬁLﬂﬂg%Wﬁ’\‘]L’ﬂaﬁﬂﬂdL"ga‘hﬂ quldanaunsa
ﬁwwﬁ'}ﬁmuqumiLﬁ’]aanmaamiﬁmﬂﬁ
lasnnmaluladtieqiuinisansodunuiu
fimuaumasSwansiugadn Uszimwding
Tnanaoianeluduarunavdug  Fof
TasamsddaiiiailiszandldTudusien
Aenfuduianngu

miﬁwua;aﬁwm:mmwﬂlwﬁﬁwﬁ[uﬁo
Téwn

4.1 1aWaBU (Apidaecin)

wilwdusenausiy nsezilu 18
fanaluanadszanu 2 Aladasu Tasglu
ﬂfcjuiﬂ‘iﬁu (proline rich) ff4 17 wuy &
qaiasunveuzaseulaiwanlalaled Tu
NSRBI IRRTDILUATISULNTNAY §1F
wiladuannsoduionisial waesnuafiie

unsnuanlddasuin A NaINiInlung

[
[

WanauafiSuusazeie uwdasanawusiu

fulaloiwas  Feiinsapsdluuesiuvusian

Anefiu (Table 1) nueRedy melu 4-6 .
v nlisudauuafise  uarianudndu
gaqmwé’amn‘tﬁ%’mﬁa 36 BN, INUUAY
andusranaaiong Tuiui 3-4 flavain

2 =

gnslunisvaiy lddmwiziangastin Foi

'3 v
a o [V 4

NSNS TUENN TR TN LUATILI BN SNAD

@
] @ a

Wiy Lawm%uﬁimaqamumﬁn Fudeu
FFaautresniisfua N e TSy
wasugmslassa$raialililalowes @
ﬂs:ﬁw%mwgaLLazﬂaamﬁﬂmnﬁu Tunnsle

¥
] =

El’]ﬂgj’ﬁ’m::ﬂﬂL’ﬁﬂIiﬂﬁ’N‘TﬁWU‘[uNHBﬁLLa:
§n51A09 (Casteels et al, 1994)
4.2 aiiBu (Abaecin)
ﬁuaaTuLaqaﬂi:uwm 4 Alagdasu
Usznavdrensnacdly 34 @1 fe
YVPLPNVPQPGRRPFPTEPGOGPFNPKIK
WPQGY ¥apglungulusiu Usznaudanlys

Sudoud 10 fdull Evans (2004) 1493

real time quantitative (RT-PCR) #1g

[
@

Iwsinasavilde forward: CAGCATTCGCAT
ACGTACCA/reward:GACCAGGAAA
CGTTGGAAAA wuinlusisauied lisuide
24 7. fozifurindu (e Ldwumvidaanle
S5ude 3 6 uaz 12 23) wazANidndull
Lﬂﬁﬂu‘lﬂm'}ua'}qmaaﬁa’ﬁomaLﬁmﬁmﬁﬁﬂﬁuﬁ
Wy Usuiueandiauiidvululuniaibu
9IYT LASNWLAUDINITRIUNG HAN
wSonsenrnduvhlfigelasansaudinly
m:ﬁu‘[ﬁ%ﬁﬁmqmn g5 190 Duingu

Evans (2004) aupiuzinnsidasiduiiu
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Table 1. The isomers of apidaecin

(Casteels et al, 1994)

Types of
P Sequence of amino acid

isomers

Apidaecin la GNNRPVYIPQPRPPHPRI
Apidaecin Ib GNNRPVYIPQPRPPHPRL
Apidaecin I GNNRPOYIPQPRPPHPRL

Apidaecin Il GNNRPVYISQPRPPHPRI

LY =

et nseuislesudelsaunuinpLE iy
WezAniimsldarswindiwudu (defensin)
Fefinnsmausuaclussiuainadindudls
Wiusy uAfiadainade Heusina (nurse bee)
Az lasudnlsanupuiinas fusyd
sedurpeerdfu uasfimuduuansneiu 9
B1agatiawlvin mMynaassiedasldimassy
SwaunnfisaasuraIaedey Tegiu
aoDuAdpRoluLTTAanIgaLasn (USDA;
Bee Research Laboratory, Beltsville, MD)
Tewenenudnm anuasnsalunsaienen

@

°ﬂaoﬁumuqumsa%wa:ﬁ%u‘lﬂéjﬁojuﬁm‘lﬂ

o ‘ Al I @ A
Wonsieaaudn  exldiudenanifutu
winvrnplunisantdsntusiiuniudalsa
nusuawstu leansala
4.3 laWTlu (Apisimine)
aa o A o é’ [~
oRgaunTnnuluuuie  Huwan

Serine-valine rich peptide (Billikova et al,

. <9

2002) fadaluiana 5.54 Aladadu 3
Usznaudiiunsessdllu 54 67 Bufirivax

MRS IWUING  §1150ANSWIULALNAR

108

windiuluuuafiSewin Eschericia coli BL
21 (DE 3) awsamelaufiugananilunis
a%1031QULLUa0ﬁuﬁ:1ﬁ§1L%Q HaNAAT LG4
pysnimsfnuaadnodeeinudug s
fnneane uayr &9fiddauanilvany (Shen
et al, 2007)

4.4 AtWuBy (Defencin)

Amudusznausensaasilusnnnin
30 shauly fiwuTudls finalaanayszanm
4-6 Alasadu Tafuwiniifinsaazfilunan
FAWDU (cysteine rich) walwda AWUsY
YNFRINDS 2-3 Ay Evans (2004) wy
amnsoinsIfena lifusanusnley
1495 RT-PCR %a’[ﬁ@mm‘lw%ma%ﬁoﬁﬁa 9
HAANS70IN15I S ENasunIAasAly (amino
acid sequence) # Genbank No. 5955 for-
ward: TGCGC TGCTA ACTGT CTCAC re-
ward: AATTG CACTT AACCG AAACC
uanamiutilpsanufienugunisaiiefiinu
Bufifiayauin waz s IResne
g13eena IRUSauAnNIn Ul Tuaa

i

< o g v e A’ [
saasmaniineldsurtalsn  waz

aansalddindelsalusnsfidolsafiusanm

aaa 5

dasluaniiznidosum (low of ionic

strength) Sldsuaiuauls waziufiaim

L2 U [-] U s = g
wisirzaNrsatn lFsne lsadaidianan

&

WAZLASHNAVU NDIAANNAIWWRUD

9

LASNUIN
uazdinswuansoiadl lundaRowiniinme

(Raphanus sativus L) Bedgnstiutenanig

sanvevaUpsuazmsiesaeadulys Botytris

a oyl o o
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cinerea (Javis) finalsasndinilufiv
(Thevissen et al, 2004) lapvlufmududl
s{' [3 a & o al
gndvnauwainad vl lwunaBualvasen
e X &
INBAALFIT IULBARFULRBANNRINTD
’[umﬁnmauqauauaﬂ%%m UDNIINNIIA
Walsaudranssana Saiunumiunissne

= a

vi3amuenun3iiipshufiandusiniufelidia
Tdfenssusendulylasunfidne dequud
wanfuTizesfinuBusansmirsiialdiiu
e uazldhnemsuwndmaidenidie

a v

HrwwuyuiaunauaziRug s uludng
Lgmgnﬁwuu

4.5 lafiupuidu (Hymenoptaecin)

laflusyfidulsznaudrunsassilu
93 ¢ fwraluianadsranu 10 Aladasiu
é’ﬂayj‘[unﬁju‘lnaﬁumauauamaL%ﬂi’iﬂ‘lﬁ’ﬁw
wargnadnluinatasnivediadu
wARSuTR LY e [ uUeTiSEReunsNaY

Aca A

wazwnsNuIn A3elFndug Taevineusiu
JunuLeWLAdUY (Casteels et al, 1993)

4.6 LHaAU (Melittin)

warunuluwmanluvesils (venom)
Usznavushensaaziily 26 f @wnsavinae
LERALNNLLSUTBNULATILSEWIN Staphylococcus
aureus (Rosenbach) Wachinge LAsAUL
(1998) 'smcnu'hm§ﬁuﬁqw§ns:¢jums
youzaeuluitaluianleasa (guanylate
cyclase) Hutaulmififinasanisiinssdy

cGMP (cyclic guanosine monophosphase)

& ' v & o P a
PaILNALNDA ‘ﬁ’)ﬂIﬁLNﬂLﬂﬂﬂLWNU‘S:ﬁﬂﬁﬂ’]W

(Y ‘
=

Tumahaedelsaléfidy asenidussd
fluanazuiadn - Jegufegiunsn
foassiie i lusomsuwnd  wu Tdu
BUNSH (adjuvant) LRBLESNONADDTATY
Dosiudounanzniiiaen  Bacillus teta-
nus (Bergey) uananuudaiwldifiuen
sula¥alsaend type 1 (human immuno-
deficiency virus 1) ﬁ?ﬂg‘ﬁuﬂ'\‘lﬁmi‘[ﬁmﬁn
Tudnwlsasineg Snun ity Tsmvaeniaeu
YsL@MSNLEY (multiple sclerosis) 1189
snnLuﬁﬁummsnns:ﬁuﬁiau‘[ﬁauaod'suwﬁw
(pituitary gland) Iapuaaslauuszas lueash
lalns#u (adrenocorticotrophin hormone)
finduaunisairveailuunineeiives
(cortisol) "B"amuguLLa:Lﬁmﬁaoﬁm:ﬁ’ugﬁ
UMY URISAUANNLATEATEIERT F9
W ledwndfufinaifinanuduniusdaide
TsalutoliTudnwausaadeiu

4.7 998U (Royalsin)

sefadufiuialuianarszniu 5.5
Aladadu daogludssiomibeafufinudude

e

fnsmezRludaindunaindi  wasiiwuse
Fanes 3 sumds woluusiefignidud
wuARSEUNSNLIN WU lsavuaulinawNsiu
falufisneaunasauuafiSounsuay wazd
490 ﬁuﬁamsw%cymamﬂ”u’[mw TsaRzwan
Botrytis cinerea (Javis)léige (Bilikova et al,
2001) Lﬂuﬁmﬂﬂ:Lu'jmwzﬁwaﬂdwa%agﬁ
ﬁmmu‘[uugwﬁ WA B ILeAu Ul

#1569N817 NIV EMUUNRIEIUSENDL
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fhearvaieida Sedseszaiaseilumausu
anudndulimunsantusieneassnsas
UAAR

a1sdugadwdssinniyingdug
lasananuweenlunsiwdndunain
ol Tunmesnslsaduduiuwinaioann

#u uwarwaluladlmighIFindsesinian

L4
~ -~

ATIIWLRITABNONTTIN WL Tnailgiandu
f13sanaleerzdvsunntipevisliwiiss
LLﬁiﬁ@mﬁiﬂTunﬂi%’nquiﬂuﬂn LU DEWaNU
(apalmin) Fewyu 3 lalmwes uasiealawua
(jelleines) FowuTuunis Hugu (Fontana et
al, 2004)

UaNIINTRTBFAIT AINFIITNFULAD
qaun3ffardeswiuionanesdaiaunum
ﬁia‘s:nngﬁﬁﬂumumaoﬁo Y LuAALIELN
suuanluana Bacillus fiwunnludonie
VBLAlAe9Re 1w B, circus (Frankland)

Hudiu a3 warsuwsieiidugslsasadauge

uazlsavuouititeinsiuld (Evans and

Armstrong, 2006)

5. AMHNAINHRIEVDIBURIFITINU NG
v - X
Fngadnluie

Evan WazAmE (2006) LEuLangs
ANRaINTAI8Taviufifduiinidoeiy
nsztumssSsawdlngsmugadn 1idu 3
TURNOUAD

51 nguyaviiunaieasuresiin

(Pathogen recognition gene)

110

Lﬂutﬁa‘lﬂn‘szﬁumiﬁﬂmumaa signal-
ing gene V&I INTIAT viToasdUsENOULN
§2u20919015A 19U peptidoglycan 799
wuafiiSuunsuuanll§uiy peptidoglycan
recognition site UuLiiaLAaAiTanI1 Toll-like
receptor "r’iOLﬂu transmembrane protein Vil
iamsswsmtuiulasea3wiiamisodviu
Ialnlamilaanafiiendn aumida (spaetzle)
\isdu receptor complex ‘ﬁn‘s:éjuﬁudo
a?tyfy'lm%oa%ﬂoaﬂilﬂn‘sxﬁju’lﬁﬁumnqum‘s
awaramwdindiuradn detdzesiuly
nq’m’f 1 peptidoglycan WAY b-glucan
receptor protein Judu arsiwdlndsiiu
adniiaielapitvaciusdofuninuuy

9

Toll ®IN130MIUNITYNINTBIUUATILTBUNTY
I 17U Audu ededu wanfidu
wuailssunsuay 1w oxdfu (Figure 7)
i

5.2 Snuuadsdy (Signaling gene)

‘Bnuuaﬁ'aﬁuﬁu’luﬂqmﬁa:u,amaan
&9 NLFSUE159IN receptor complex 30
8 51 arsfinuminandulugaife 13u
Tusfes vhwihfigessawlusfuzoadsalsn

v
1 ~

fptivppviufivaaslunanil 11U cactus

U 9

~ [l

dorsal Ga/luifivesdusedyninuuy Toll #
waadlFifiuIdyguanfeudantasunie
\wolsainsavsadudunaufidutiou (Figure

7) 81INAARRNONELEIN (synergism) 113D

2 o

YiNd19 (antagonism) HINULATAU N3

ni3tveviudsdyurududiunsunidns
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Figure 7. Demonstrated the Toll signaling path way (Evan et al, 2006)
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Figure 8. Demonstrated the Imd and JAK/STAT signaling path way (Evan et al., 2006)
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