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Effects of Nosema ceranae on the expression of immune gene and
haemolymph sugar levels of Apis cerana bees
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Abstract [Objectives] Nosema ceranae mainly infects the digestive system of honeybees and is also thought to be a
factor that may lead to Colony Collapse Disorder (CCD). The effects of N. ceranae on Apis mellifera have been intensively
studied, however, there has been relatively little research on its effects on its original host, Apis cerana cerana. Workers of A.
cerana cerana were infected by N. ceranae isolated from A. cerana cerana. We evaluated the impacts of N. ceranae on the
health of A. cerana cerana by measuring the expression of immune genes and sugar concentration in the haemolymph.
[Methods] The expression of immune genes, including vitellogenin abaecin apidaecin hymenoptaecin  defensinl

defensin2 and eater, was measured in infected and uninfected bees to determine whether infection with N. ceranae induced an
immune response. We used HPLC analysis to quantitatively analyze the haemolymph of infected and uninfected A. cerana
cerana, and measured concentrations of trehalose and glucose in the haemolymph under the same HPLC conditions. [Results]
Infected and uninfected bees of 14 and 7 days of age significantly differed in their expression of hymenoptaecin, vitellogenin,
and defensin2, but the expression of other genes was not significantly different. The concentration of glucose and trehalose in

the haemolymph of infected bees was not significantly different from that in uninfected bees. [Conclusion] Expression of the
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immune genes hymenoptaecin, vitellogenin and defensin2 is induced in Apis cerana cerana of 7 and 14 days of age by
infection with N. ceranae, but the concentration of glucose and trehalose in the haemolymph is not affected by infection.
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Table1l Reaction primer for qPCR amplification
Primer Primer sequences Reference
Actin-F TTGTATGCCAACACTGTCCTTT Simone et al., 2009
Actin-R TGGCGCGATGATCTTAATTT
Hymenoptaecin -F CTCTTCTGTGCCGTTGCATA Evans, 2006
Hymenoptaecin -R GCGTCTCCTGTCATTCCATT
Eater-F CATTTGCCAACCTGTTTGT Boncristian et al., 2011
Eater-R ATCCATTGGTGCAATTTGG
Vitellogenin-F AGTTCCGACCGACGACGA Boncristian et al., 2011
Vitellogenin-R TTCCCTCCCACGGAGTCC
Abaecin-F CAGCATTCGCATACGTACCA Evans, 2006
Abaecin-R GACCAGGAAACGTTGGAAAC
Defensinl-F TGCGCTGCTAACTGTCTCAG Al Naggar et al., 2015
Defensinl-R AATGGCACTTAACCGAAACG
Defensin2-F GCAACTACCGCCTTTACGTC Boncristian et al., 2011
Defensin2-R GGGTAACGTGCGACGTTTTA

Apidacecin-F
Apidacecin-R

GTAGGTCGAGTAGGCGGATCT
TTTTGCCTTAGCAATTCTTGTTG

Simone et al., 2009
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Transzol
RNA 0
7 14d cDNA 1
1.5mL RNA
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900 pLTranszol 1 min
10 min
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Table3 (gPCR reaction system

Component Volume
Total RNA/mRNA RNA /500 ng
Random primer (0.1pug/uL) 1l
2xES reaction mix 10 pL
EasyScript® RT/RI enzyme mix 1uL
gDNA remover 1l
RNase-free water 20 uL

14 RWHEE PCR

Components Volume
cDNA 2 uL
Forward primer (10 pmol/L) 0.4 uL
Remover primer (10 pmol/L) 0.4 uL
2xTransTaq®HiFi PCR SuperMix 10 pL
Passive reference dye (50x) 0.4 uL
dd H,0 20 puL

3 20uL
PCR 94 Smin 94
30s 60 30s 72 1 min
35 72 10 min
15 rFRAeZag i i BRI ER
2009
1 7
14 2
3
4
2uL 1.5 mL
20 5
4 160 uL

5 000 r/min 5 min
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1 100 mg
5SmL 0.45 pm
20 mg
SmL
0.45 um 2
0.45 um 3
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Fig.1 Expression levels of abaecin, hymenoptaecin, eater, apldaecm defensinl, defensin2
and vitellogenin in Apis cerana workers at different day-old
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Fig. 2 The amounts of haemolymphtrehalose and glucose of infected bees and uninfected bees



- 398 -

Chinese Journal of Applied Entomology 54

32 FAEBRMEFHEENPEZEMHKE
PEEEMNEEESENRE

HPLC

14

Rockstein 1979

2EV#k (References)

Abou-Seif MAM, Maier V, Fuchs J, Mezger M, Pfeiffer EF, Bounias
M, 1993. Fluctuations of carbohydrates in haemolymph of
honeybee (Apis mellifica) after fasting, feeding and stress.
Hormone and Metabolic Research, 25(1): 4.

Al Naggar Y, Wiseman S, Sun J, Cutler GC, Aboul-Soud M, Naiem
E, Mona M, Seif A, Giesy JP, 2015. Effects of environmentally-
relevant mixtures of four common organophosphorus insecticides
on the honey bee (Apis mellifera L.). Journal of Insect Physiology,
82(9): 85-91.

Boman H, 2003. Antibacterial peptides: basic facts and emerging
concepts. Journal of Internal Medicine, 254(3): 197-215.

Bounias M, 1978. Intra-glycemic relations occurring during the
development of honey bee workers (Apis mellifica mellifica L.).
Comparative Biochemistry and Physiology, Part A: Molecular &
Integrative Physiology, 61(1): 13-18.

Bounias M, Morgan MRIJ, 1984. Induction of honeybee
haemolymphsucrase activity by high levels of dietary sucrose.
Comparative Biochemistry and Physiology, Part B: Biochemistry
& Molecular Biology, 79(1): 75-80.

Casteels P, Ampe C, Jacobs F, 1993. Functional and chemical
characterization of Hymenoptaecin, an antibacterial polypeptide
that is infection-inducible in the honeybee (Apis mellifera).
Journal of Biological Chemistry, 268(10): 7044—7054.

Casteels P, Ampe C, Jacobs F, Vaeck M, Tempst P, 1989. Apidaecins:

antibacterial peptides from honeybees. Embo. Journal, 8(8):
2387-2391.

Casteels P, Ampe C, Riviere L, Van Damme J, Elicone C, Fleming
M, Jacobs F, Tempst P, 1990. Isolation and characterization of
abaecin, a major antibacterial response peptide in the honeybee
(Apis mellifera). European Journal of Biochemistry, 187(2):
381-386.

Casteels-Josson K, Zhang W, Capaci T, Casteels P, Tempst P, 1994.
Acute transcriptional response of the honeybee peptide-
antibiotics gene repertoire and required post-translational
conversion of the precursor structures. Journal of Biological
Chemistry, 269(46): 28569.

Fang Z, Xu JY, Yuan ZL, Cai HG, 1993. Encyclopedia of Chinese
Agriculture. Beijing: Chinese Agriculture Press. 73—78. [ s

, 1993.
.73-78.]
Evans JD, 2006. Beepath: an ordered quantitative-PCR array for

> >

exploring honey bee immunity and disease. Journal of
Invertebrate Pathology, 93(2): 135-139.

Graaf DCD, Raes H, Sabbe G, Rycke PHD, Jacobs FJ, 1994. Early
development of Nosema apis (Microspora: Nosematidae)in the
midgut epithelium of the honeybee (Apis mellifera). Journal of
Invertebrate Pathology, 63: 74-81.

Gillespie JP, Kanost MR, Trenczek T, 1997. Biological mediators of
insect immunity. Annual Review of Entomology, 42(1): 611-643.

Gmeinbauer R, Crailsheim K, Gmeinbauer R, Craisheim C, 1993.
Glucose utilization during flight of honeybee (Apis mellifera)
workers, drone and queens. Journal of Insect Physiology, 39(11):
959-967.

Goblirsch M, Huang ZY, Spivak M, 2013. Physiological and
behavioral changes in honey bees (Apis mellifera) induced by
Nosema ceranae infection. PLOS ONE, 8(3): e58165.

Kocks C, Cho JH, Nehme N, Ulvila J, Pearson AM, Meister M,
Strom C, Conto SL, Hetru C, Stuart LM, Stehle T, Hoffmann JA,
Reichhart JM, Ferrandon D, Ramet M, Ezekowitz RA, 2005.
Eater, a transmembrane protein mediating phagocytosis of
bacterial pathogens in Drosophila. Cell, 123(2): 335-346.

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

Mohssine EH, Bounias M, Cornuet JM, 1990. Lunar phase influence
on the glycemia of worker honeybees. Chronobiologia, 17(3):
201.

Miinch D, Amdam GV, Wolschin F, 2008. Ageing in a eusocial
insect: molecular and physiological characteristics of life span
plasticity in the honey bee. Function. Ecology, 22(3): 407-421.

Naug D, Gibbs A, 2009. Behavioral changes mediated by hunger in



- 399 -

honeybees infected with Nosema ceranae. Apidologie, 40(6):
595-599.

Rockstein M, 1979. The Quarterly Review of Biology. Biochem.
Insect., 54(2): 260.

Simone M, Evans JD, Spivak M, 2009. Resin collection and social
immunity in honey bees. Evolution, 63(11): 3016-3022.

Wang Y, Ma J, Liu XN, 2009. Techniques and methods for collecting
insect haemolymph. Chinese Bulletin of Entomology, 46(1):
147-151. [ R , , 2009.

,46(1): 147-151]

Wyatt GR, 1967. The biochemistry of sugars and polysaccharides in
insects. Advances in Insect Physiology, 4(4): 287-360.

Xu P, Shi M, Chen XX, 2012. Antimicrobial peptide evolution in the

Asiatic honey bee Apiscerana. PLOSONE, 4(1): e4239.

Yu CH, Lu D, Lin RH, Wang XIJ, Jiang H, Zhao F, 2008.
Trehalose-the blood sugar in insects. Chinese Bulletin of
Entomology, 45(5): 832-837. [

, , 2008. -
832-837.]

5 s s s

, 45(5):

Zheng SA, 2016. Cell and humoral immulity of bee. Apiculture of
China, 67(4): 31-33. [
,67(4): 31-33]

, 2016.

Zhou T, 1999. The prevention and treatment of the disease related to
honeybee Microsporidia should be caused take seriously.
Apiculture of China, 50(4): 15-16. [

,50(4): 15-16.]

skofskokokkorok ko srok ok skok skokokk skt skok sk skok sk kkk sk ok sk sk sokok sk sk skok sk s okok ok kR sk sk sk sk sk skok stk sk sk sk sk sk sk skok sk sk sk sk sk sk sk skok s skksk ok sk sk ok skok ok ok

FNT NN N NS,

SHE A

Gote, Ao, Ao, Ho, D

B ¥ KBRS Talanthia phalangium Pascoe

2015 6 1



