2021.36(3) : 89-96
DOI: 10.17519/apiculture.2021.09.36.3.89

Original research article

AU RS 2 Z0| of3t S Bl Y S e A
QX YH 24

Analysis of the Honey Bee, Apis mellifera, Wintering Ability and
Immune-related Genes Expression Depending on the
Thermal Conditions of the Warehouse
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m Honey bees, Apis mellifera, in Korea experience every four seasons. They respond to each
season with different strategies to maintain their colony in ideal condition. Winter is the most
harsh season to honey bees but they should endure the cold weather for the next year's life.
Attempt to overwinter indoor already have been made but the detailed information is still
lacking. To understand the honey bee physiology according to the wintering temperature, we
placed the colonies in the two different regions (inland and island) and warehouses where the
temperatures are different (1°C and 4°C) for wintering. The colonies wintering in 4°C and 1°C
warehouse showed less decreased rate of the colony weight (10.71~13.19%) than that of the
colonies wintering in outdoor (13.93~14.63%). Transcriptional expression pattern of the immune-
related genes in honey bee during winter season was investigated. Most of the cellular and
humoral immune-related genes down-regulated during wintering season and up-regulated
after wintering is over. On the other hand, expression of the defensin 1 was gradually up-
regulated during wintering season and down-regulated after wintering is over.

Honey bee, Apis mellifera, Wintering, Immune-related gene
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signaling transducer and activator of transcription (JAK/
STAT) pathway©ll &J5te] ZAX| 11, defensin 1 (Defl)
T} hymenoptaecint -2 A= 0] HH-S Ggict
(Evans et al., 2006).
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phagocytosis, nodulation, encapsulation®t
T} (Strand and Pech, 1995). NodulationZ} encapsulation
melanizations F-HFoH=1| (Soderhill and Cerenius, 1998)
pro-phenoloxidase (PPO)7t &0l &J&-2 3t (Shiao et al.,
2001; Lourencgo et al., 2005).
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Fot™ oF 80~1604-2 AJE5t= AL (Winter bees)©]
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Table 1. Primers of the genes for gPCR
Name Sequence (5 to 3") GC% Tm (°C) bp Reference
Actin_F ATCACTGCCCTAGCACCATC 55 60.5 110 _
Actin_R TGGAAGGTGGACAAAGAAGCA 48 5935
Cat_F CTAAAGTATGGCCGCATGATGA 45 60.1 129 _
Cat_R TACCAGGTACCATATGAGCCG 52 61.2
Sod_F TGTACAAGTGCTGGTGCACAT 48 59.5 161 _
Sod_R TGTGGTCCTTGAAGTTGAATAGT 39 59.2
PPO_F GTGGCGCAGTGCTTGCTAGA 60 62.5
PPO_R CCACGCTCGTCTTCTTTAGGA 52 61.2 136 N
Defl_F TGAAGAACGTGCCGACAGACA 52 61.2
Defl_R CCTTTCTCGCAATGACCTCCA 52 61.2 129 N
Def2_F GCAACTACCGCCTTTACGTC 55 60.5
Def2 R GGGTAACGTGCGACGTTTTA 50 58.4 104 Huetal.,2017
Hym_F ACTCGTTTCCGACGACAAGAA 48 595 135 B
Hym_R ACCATAGGCGTCTCCTGTCAT 52 61.2
Abae_F CTTCGCACTACTCGCCACGA 60 625 145 ~
Abae_R CGATTAATAGCCTTGAGGCCA 48 59.5
Apid_F TTTTGCCTTAGCAATTCTTGTTG 35 575 L
. 80 Danihlik er al., 2018
Apid_R GTAGGTCGAGTAGGCGGATCT 57 63.3
Vg F TGGAACGGGACCTGCCTTCT 60 62.5 .
131 Maori et al., 2019

Vg R TGTAGCTGTCAGTCGGCGTG 60 62.5
mfe_F GGAATCATTTCTTGCGGAGA 45 56.4
mfe_R GTTATGCGCGCTATGGAAAT 45 56.4 145 Bomtorin ef al., 2014
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qPCRZ Fskeleh. =1E A 4 AE sovtd
£ AP A AALE o] §sto] A 8lstal RNA
extraction kit (QIAGEN, Hilden, Germany)= total RNA
£ FESH3U. %Fo] genomic DNA A|AE 9lsto] &
St total RNA®] DNasel (TAKARA Korea Biomedical Inc.,
Seoul, Korea)2 A5ttt ©] & 2.5 ug?] total RNAE
amfiRivert Platinum cDNA synthesis enzyme (GenDEPOT,

TX, USA)E cDNA §4Jo]l AH&-51dct,

Ao AFgSE B HY FHAE catalase (NM_0011
78069.1), superoxide dismutase (Sod, NM_001178027.1),
PPO (AY242387.2), Defl (NM_001011616.2), defensin
2 (Def2), hymenoptaecin (U15956.1), abaecin (NM_0010
11617.1), apidaecing, 8 THA FH42= vg 12|10
JH 2] 27} E = methyl farnesoate epoxidase (mfe,
XM_623572)5 Ar-&3t3Act.

Zt 572 Eo0]Z 9] PCR primers €435+ qPCRO]
A28t (Table 1). gPCROIE AccuPower 2X GreenStar
gqPCR Master Mix (BIONEER, Daedeok, Korea)E AH&
SFAL, 95°C 1042, 40 HHE0] 95°C 15%, 58°C 1429 &
LT 273807 QuantStudio5 (Thermo Fisher Scientific,
MA, USA)°flA] §-302}9] o] Y =|Q]c}. Reference
SHAAR actin related protein 1 (ARP1,NM_001185146.1)
= AhgskI

3% 719 g+ 57 FA HZE $5te] Prism 6.0
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(GraphPad, SanDiego, USA) Z23og 7y 7%
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Fig. 1. Changes of the honey bee colony weight during wintering
depending on the wintering condition. Colonies weight were mea-
sured before wintering (Nov. 24, 2020) and after wintering (Mar.
02, 2021). 4°C: Honey bees wintering in the warehouse where the
temperature is 4°C. 1°C: Honey bees wintering in the warehouse
where the temperature is 1°C. WJ: Honey bees wintering in Jeol-
labuk-do Wanju-gun. WD: Honey bees wintering in Wido island.
Statistics performed by unpaired t-test, comparing each group of
colony weights measured before wintering to that of measured
after wintering. *p>0.05, **p>0.01, ***p>0.001.
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Fig. 2. Transcriptional expression level of honey bee immune-related genes. X-axis is the sample collection dates during the winter season
of 2020~2021. WI: Honey bees wintering in Jeollabuk-do Wanju-gun. WD: Honey bees wintering in Wido island. 4°C: Honey bees winter-
ing in the warehouse where the temperature is 4°C. 1°C: Honey bees wintering in the warehouse where the temperature is 1°C.
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Fig. 3. Transcriptional expression level of the honey bee lifespan-related genes. X-axis is the sample collection dates during the winter
season of 2020~2021. WJ: Honey bees wintering in Jeollabuk-do Wanju-gun. WD: Honey bees wintering in Wido island. 4°C: Honey bees
wintering in the warehouse where the temperature is 4°C. 1°C: Honey bees wintering in the warehouse where the temperature is 1°C.

T &A oF 12°C, HI °F 33.5°CE 27t b of
21.3°Ce| 2L E {FA[ot=t], o|d BFE F/d5to] &
£4-8 ZASFSEA (Southwick, 1985) &8-S Eo] €&
HFAB ST (Stabentheiner ef al., 2010). 215 2L 2] AT

Aot B o] =53t 0]¢he] BHEo] Frloto] AE-S 9
St A §-2]of o}-2-2 77 Eth(Fahrenholz et al., 1989).
Q]=ro] Aol UF Bt fARgo] oF 8~229%2 HIi1H Ht

2.9 (Pederson er al., 1996), WA= 2] H Z}o]7}
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AN 10~15%2] D&7] HAREC] ZAFETHA 5, et &2 ANshe I gdo] Skt Ao= A7t
1999). AW ¥F S| HAME2 He EF B9 1 t}. o2} FAFSHA Bl AHY WS Fdot=s Pt
ARERTE 9F 10%7F B2 Ao 2 SeIE AT e 24 A WEFO] = (Antimicrobial peptide; AMPs) % Defl= Al
Z2] Qlo] 2~9°C Alo]E Q7= Aol = At I8t Def2, hymenoptaecin, abaecin, apidaecin A &
ATHA 5, 1999). & AolAE F2 24 FA7F = Fo o] AF F JAIEALY DFol Zolvh= 39l
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1°Co] IAKTH e A& EYR 4°C P2 A2 HF 9
Ao= ettt Tt 1°C =2 A
Se o] FA TAE(13.19%)2 ©FS]
A8 FH eI 14.63%, 1%
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252 WA HYA (Innate immune system)2t
Al (Adaptive immune system) 255 7}2] 1L
e A "gATS H Aot
(Reviewed by Larsen et al., 2019). 259 JuES
|3 B4 eSS 2edste WAl el A4 (Innate
immune system)- A|ZZ/J (Cellular) HS A] AR} A4
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ZH(Lu et al., 2014)2} E/AJAH4 (Reactive oxygen species;
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(Primary antioxidant enzyme)2 7]°55H= Sod®}t Catalase
+71 2} (Corona and Robinson, 2006; Heck et al., 2010;
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G+ E5ol AFEH HapA o g Wedo] FTlsHHT
o] Bth= AlFolA] Wdo] HA35] A= thE AMPs
of Wi == 9 iel-S BT DeflS Bl EHAY
(Mandibular gland)®} 348 (Salivary gland)ollA] &/ &
a2 (Lopez et al., 2003; Klaudiny et al., 2005) it 2 G4
2= FH|E°](Qu et al., 2008; Kwakman et al., 2010) &
9] TA WS (Social immunity) @/de] FTost= HHH
Def2= A% (Fat body) 2] A|HFAE (Adipocyte)2t &
I (Hemolymph) oAl &/d =] 7HH ™ (Individual
immunity)©ll TRt} (Casteels er al., 1989; Klaudiny et
al., 2005). B&7] A /9] AAZ De2E ZETL
F20] AMPs 5370 A2 AAE YA, Bt 74
£ 91t FfAajte] Y AAF o7 Bt HEd B
9o Fof] L] oGl Defl-Z 0§ 2 AsH] W&
of & F Defl FAAS TAo] fA|EE= A o= A7}

Hot.

T2 AL FaE ol A A5 A} Faro 2
ol ogt B W I fAke] Hdo f-ojnlgt 2t
o7} ERIE A= hqout, ZAE M o] Pofsh= WY
2 AA = B AAE IR AR WY AlAH T
o]5h= Def10] EH 9] DFof m-¢ FastA 2-8-6t= A
o= wohert,

3. @31} 2 Y

= Addo] AR mfe A HF-E2] 225 juvenile

13 0] upz]et ©AIQ] methyl farnesoate

hormone (JH) A4
o] AretE Fufote 849 9T skal (Helvig et al.,
2004; Claudianos et al., 2006), B8 mfe AL IA
T JH HAGO] Fo] FHBAR mfe +A2F2] HA o]
JHO Hd e Uetdle A E= AR 4 Q7] "z
(Bomtorin et al., 2014) B-5717t T 4E 0] JH LAY 1}
of2 AT FAXZE mfe S A-ESFAT.
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http://journal.bee.or.kr/



[k
=
i
ofn
rio
H'|
=2
10

1]
13
lo
i
ofn
or
il
=
kI

division), =78 & =] thgRt A 2-of ottt
(Amdam et al., 2003a; Amdam et al., 2003b; Amdam et
al., 2004; Corona et al., 2007; Nelson et al., 2007; Ament
et al., 2008). YA ] 25 mRte] A E2 w2
Vg, 0] 59| &9 8-2 22 veo| HaA-S Ho|il JHE= Vg
o} vt 2 HA = SO AW TAE HLITt (Hartfelder
and Engels, 1998). T3t vg THld o] Ui o] =71-831 %
Aol T, A B2 719 A4¥ B3 (Fluri ez al.,
1977; Huang and Robinson, 1995)2} -f-AFSHAl & A& o
A vg 2= EE7It diE o R w2 dd e B
D50l Euhs Aol 1 ddo] A= I W= JH
2= D571 Tl JAIE AL, dFo] Erhs Al
Yol Fdo] A= U=H, ol= oF 3~4711E2] dF 7]

712 HEjofst U W 0] AY|slet AnE o=
A

HAISl 2
2 AFE EXEH AFIA PI014761052] AH]
2 2|9 Axtoltt,
ol g g
Zq4, o] F Y, ARA o], 2001. AFEEE] Ay 9%
off T3t A I1. 1997~1998 SR ol QlojA] A
EHo AU €5 1. Apic. 16(2): 83-88.
g4, MG, o], o]dE, oA g, o] FY, HET, AT,

N

$HA,1999. B EE 7le o] Tt AT HHE

Amdam, G. V., K. Norberg, A. Hagen and S. W. Ombholt. 2003a.
Social exploitation of vitellogenin. Proc. Nati. Acad.
Sci. 100(4): 1799-1802.

Amdam, G. V. and S. W. Omholt. 2003b. The hive bee to
forager transition in honeybee colonies: the double re-
pressor hypothesis. J. Theor. Biol. 223(4): 451-464.

Amdam, G. V., Z. L. P. Simdes, A. Hagen, K. Norberg, K.
Schrgder, @. Mikkelsen, T. B. L. Kirwood and S. W.
Ombolt. 2004. Hormonal control of the yolk precursor
vitellogenin regulates immune function and longevity
in honeybees. Exp. Gerontol. 39(5): 767-773.

Amdam, G. V., A. L. T. Aase, S. C. Seehuus, M. K. Fondrk,
K. Norberg and K. Hartfelder. 2005. Social reversal of
immunosenescence in honey bee workers. Exp. Geron-
tol. 40(12): 939-947.

Ament, S. A., M. Corona, H. S. Pollock and G. E. Robinson.

2008. Insulin signaling is involved in the regulation of
worker division of labor in honey bee colonies. Proc.
Nati. Acad. Sci. 105(11): 4226-4231.

Bomtorin, A. D., A. Mackert, G. C. C. Rosa, L. M. Moda, J.
R. Martins, M. M. G. Bitondi, K. Hartfelder and Z. L.
P. Simdes. 2014. Juvenile hormone biosynthesis gene
expression in the corpora allata of honey bee (Apis
mellifera L.) female castes. PloS One 9(1): e86923.

Buettner, G. R. 2011. Superoxide dismutase in redox biolo-
gy: the roles of superoxide and hydrogen peroxide.
Anticancer Agents Med. Chem. (Formerly Curr. Med.
Chem. Anticancer Agents). 11(4): 341-346.

Casteels, P., C. Ampe, F. Jacobs, M. Vaeck and P. J. T. E. J.
Tempst (1989). Apidaecins: antibacterial peptides from
honeybees. EMBO Rep. 8(8): 2387-2391.

Claudianos, C., H. Ranson, R. M. Johnson, S. Biswas, M. A.
Schuler, M. R. Berenbaum, R. Feyereisen and J. G.
Oakeshott. 2006. A deficit of detoxification enzymes:
pesticide sensitivity and environmental response in the
honeybee. Insect Mol. Biol. 15(5): 615-636.

Corona, M. and G. E. Robinson. 2006. Genes of the antioxi-
dant system of the honey bee: annotation and phyloge-
ny. Insect Mol. Biol. 15(5): 687-701.

Corona, M., R. A. Velarde, S. Remolina, A. Moran-Lauter, Y.
Wang, K. A. Hughes and G. E. Robinson. 2007. Vitel-
logenin, juvenile hormone, insulin signaling, and queen
honey bee longevity. Proc. Nati. Acad. Sci. 104(17):
7128-7133.

Cremer, S., S. A. Armitage and P. Schmid-Hempel. 2007. So-
cial Immunity. Curr. Biol. 17(16): R693-R702.
Danihlik, J., M. Skrabifové, R. Lenobel, M. Sebela, E. Omar,
M. Petfivalsky, K. Crailsheim and R. Brodschneider.
2018. Does the pollen diet influence the production and
expression of antimicrobial peptides in individual honey

bees?. Insects 9(3): 79.

Engels, W., H. Kaatz, A. Zillikens, Z. P. Simoes, A. Trube, R.
Braun and F. Dittrich. 1990. Honey bee reproduction:
vitellogenin and caste-specific regulation of fertility.
Adv. Invert. Reprod. 5: 495-502.

Evans, J. D., K. Aronstein, Y. P. Chen, C. Hetru, J. L. Imler,
H. Jiang, M. Kanost, G. J. Thompson, Z. Zou. and D.
Hultmark. 2006. Immune pathways and defence mech-
anisms in honey bees Apis mellifera. Insect Mol. Biol.
15(5): 645-656.

Fahrenholz, L., I. Lamprecht and B. Schricker. 1989. Thermal
investigations of a honey bee colony: thermoregulation
of the hive during summer and winter and heat pro-
duction of members of different bee castes. J. Comp.
Physiol. B. 159(5): 551-560.

Fluri, P., H. Wille, L. Gerig and M. Luscher. 1977. Juvenile
hormone, vitellogenin and haemocyte composition in
winter worker honeybees (Apis mellifera). Experientia.
33(9): 1240-1241.

Fukuda, H. and K. Sekiguchi. 1966. Seasonal change of the

95



honeybee worker longevity in Sapporo, North Japan,
with notes on some factors affecting the life-span. Jpn.
J. Ecol. 16(5): 206-212.

Hartfelder, K. and W. Engels. 1998. 2 Social insect polymor-
phism: hormonal regulation of plasticity in development
and reproduction in the honeybee. Curr. Top. Dev. Biol.
40: 45-77.

Hu,Y. T.,T.C. Wu, E. C. Yang, P. C. Wu, P. T. Lin and Y. L.
Wu. 2017. Regulation of genes related to immune sig-
naling and detoxification in Apis mellifera by an inhib-
itor of histone deacetylation. Sci. Rep. 7(1): 1-14.

Heck, D. E., M. Shakarjian, H. D. Kim, J. D. Laskin and A. M.
Vetrano. 2010. Mechanisms of oxidant generation by
catalase. Ann. N. Y. Acad. Sci. 1203: 120.

Helvig, C., J. F. Koener, G. C. Unnithan and R. Feyereisen.
2004. CYP15A1, the cytochrome P450 that catalyzes
epoxidation of methyl farnesoate to juvenile hormone
IIT in cockroach corpora allata. Proc. Nati. Acad. Sci.
101(12): 4024-4029.

Huang, Z. Y. and G. E. Robinson. 1995. Seasonal changes in
juvenile hormone titers and rates of biosynthesis in
honey bees. J. Comp. Physiol. B. 165(1): 18-28.

Klaudiny, J., S. Albert, K. Bachanov4, J. Kopernicky and J.
Simuith. 2005. Two structurally different defensin genes,
one of them encoding a novel defensin isoform, are
expressed in honeybee Apis mellifera. Insect Biochem.
Mol. Biol. 35(1): 11-22.

Kwakman, P. H., A. A. T. Velde, L. de Boer, D. Speijer, M. J.
Christina Vandenbroucke-Grauls and S. A. Zaat. 2010.
How honey kills bacteria. FASEB J. 24(7): 2576-2582.

Larsen, A., F. J. Reynaldi and E. Guzman-Novoa. 2019. Fun-
daments of the honey bee (Apis mellifera) immune sys-
tem. Review. Rev. Mex. Cienc. Pecu. 10(3): 705-728.

Lavine, M. D. and M. R. Strand. 2002. Insect hemocytes and
their role in immunity. Insect Biochem. Mol. Biol.
32(10): 1295-1309.

Lopez, L., G. Morales, R. Ursic, M. Wolff and C. Lowenberger.
2003. Isolation and characterization of a novel insect
defensin from Rhodnius prolixus, a vector of Chagas
disease. Insect Biochem. Mol. Biol. 33(4): 439-447.

Lourengo, A. P., M. S. Zufelato, M. M. G. Bitondi and Z. L. P.
Simdes. 2005. Molecular characterization of a cDNA
encoding prophenoloxidase and its expression in Apis
mellifera. Insect Biochem. Mol. Biol. 35(6): 541-552.

Lu, A., Q. Zhang, J. Zhang, B. Yang, K. Wu, W. Xie, Y. Luan,
and E. Ling. 2014. Insect prophenoloxidase: the view
beyond immunity. Front. Physiol. 5: 252.

Maori, E., Y. Garbian, V. Kunik, R. Mozes-Koch, O. Malka, H.

96

Kalev, N. Sabath, I. Sela and S. Shafir. 2019. A trans-
missible RNA pathway in honey bees. Cell Rep. 27(7):
1949-1959.

Maurizio, A. and F. E. D. Hodges. 1950. The influence of pollen
feeding and brood rearing on the length of life and phys-
iological condition of the honeybee preliminary report.
Bee World. 31(2): 9-12.

Mattila, H. R., J. L. Harris and G. W. Otis. 2001. Timing of
production of winter bees in honey bee (Apis mellifera)
colonies. Insectes Soc. 48(2): 88-93.

Nelson, C. M., K. E. Ihle, M. K. Fondrk, R. E. Page Jr and G. V.
Amdam. 2007. The gene vitellogenin has multiple coor-
dinating effects on social organization. PLoS Biol. 5(3):
e62.

Pedersen, J., G. Pedersen and E. Pedersen. 1996. Outside win-
tering of single brood chamber hives revisited. Am.
Bee J. 136(3): 181-186.

Pinto, L. Z., M. M. Bitondi and Z. L. Simoes. 2000. Inhibition
of vitellogenin synthesis in Apis mellifera workers by
a juvenile hormone analogue, pyriproxyfen. J. Insect
Physiol. 46(2): 153-160.

Qu, N., J. Jiang, L. Sun, C. Lai, L. Sun and X. Wu. 2008. Pro-
teomic characterization of royal jelly proteins in Chi-
nese (Apis cerana cerana) and European (Apis mellifera)
honeybees. Biochem. (Mosc.) 73(6): 676-680.

Soderhill, K. and L. Cerenius. 1998. Role of the prophenolox-
idase-activating system in invertebrate immunity. Curr.
Opin. Immunol. 10(1): 23-28.

Southwick, E. E. 1985. Allometric relations, metabolism and
heart conductance in clusters of honey bees at cool tem-
peratures. J. Comp. Physiol. B. 156(1): 143-149.

Stabentheiner, A., H. Kovac and R. Brodschneider. 2010. Hon-
eybee colony thermoregulation-regulatory mechanisms
and contribution of individuals in dependence on age,
location and thermal stress. PLoS One. 5(1): e8967.

Strand, M. R. and L. L. Pech. 1995. Immunological basis for
compatibility in parasitoid-host relationships. Annu.
Rev. Entomol. 40(1): 31-56.

Steinmann, N., M. Corona, P. Neumann and B. Dainat. 2015.
Overwintering is associated with reduced expression
of immune genes and higher susceptibility to virus in-
fection in honey bees. PloS One. 10(6): €0129956.

Shiao, S. H., S. Higgs, Z. Adelman, B. M. Christensen, S. H.
Liu and C. C. Chen. 2001. Effect of prophenoloxidase
expression knockout on the melanization of microfilar-
iae in the mosquito Armigeres subalbatus. Insect Mol.
Biol. 10(4): 315-321.

http://journal.bee.or.kr/



	실내 월동 온도 조건에 의한 양봉꿀벌의 월동 능력과 면역 관련 유전자 발현 분석
	Abstract
	서론
	재료 및 방법
	결과
	고찰
	인용문헌


