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Gene expression of different antifreeze proteins of Tenebrio molitor
in response to cold acclimation
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Abstract The Tenebrio molitor L. antifreeze protein gene family has multiple members which differ in the number of
amino acids and protein structure. The mRNA level of antifreeze proteins is enhanced by cold conditions but functional
differentiation of different members of this family is not clear. In this study, we examined the effects of mortality from cold
exposure on the gene expression of different types of antifreeze protein members in the family. The results show that cold
acclimation can significantly reduce larval mortality and improve expression of the antifreeze protein gene. The longest
antifreeze protein is most important to low-temperature-related mortality. This result indicates that the function of different

antifreeze protein family members differs and provides new insights for the use of antifreeze proteins and antifreeze protein

activity.
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AF160495  MAFKTCGFSK KWLVIAVIVM CLCTECYCHC TGGADCTSCT DACTGCGNCP NAHTCTDSK-

AF160494  MAFKTCGFSK KWLVIAVIVM CLCTECYCQC TGGADCTSCT GACTGCGNCP NAVICTNSQ-

AF159117  MAFKTCGFSK KWLVIAVIVM CLCTECYCRC TGGADCTSCT QACTSCRNCP NAKTCTNSQ-

AF159116  MAFKACGFSK KWLVIAVIVM CLCTECYCHC TGGADCTSCT DACTGCGNCP NAHTCTDSK-

AF159115  MAPLTCGFSK KWLVIAVIVM CLCTECYCQC TGGSDCTSCT AACTGCGNCP NAHTCTDSQ-

AF159114  MGFKTCGESK KWLVTAVIVM CLCTECYCQC TGGADCTSCT AACTGCGNCP NAVICTNSQ

DQ229123  MAFKTCAFTK NWLIIAVIVM CLCTEYNCQC SMSAN———- —SCTNCENCP NAVTCTNSK-

DQ229124  MAFKTCCFTK NWLVIAVIVM CLCTEYYCQC TGGADCTSCT AACTGCGNCP NAVTCTDSH

AF160496  MAFKTCGFSK KWLITAVIVM CLCTECYCQC TGGADCTSCT AACTGCGSCP NAHTCTDSKN

AF159118  MAFKTCGFSK KWLITAVIVM CLCTECYCQC TGGADCTSCT AACTGCGSCP NAHTCIDSKN

AF160497  MSFKISTFTK IWLITAVIVM CLCNEYNCQC TGAADCTSCT AACTGCGNCP NAITCTGSK-
65 75 85 95 105 115

AF160495 NCVKAATCT GSTKCN TARTCTNSKD

AF160494 HCVKANTCT GSTDCN TAQTCTNSKD

AF159117 HCVRARTCT GSTDCN RAMTCTNSKD

AF159116 NCVKAATCT GSTKCN TARTCTNSKD

AF159115 HCVKAATCT GSTDCN TARTCTNSKD

AF159114 HCVKATTCT GSTDCN TAVTCTNSKD

DQ229123 NCINAVTCS GSTNCN RATTCSNSKD

DQ229124 - NCVKAVTCT GSTNCN TATTCTNSED

AF160496  CVRAETCTDS ENCVKAHTCT GSRNCN TAMTCTNSKD

AF159118  CVRAETCTDS ENCVKAHTCT GSRNCN-—+= ————— ——————— TAMTCTNSKD

AF160497 = -NCVRATTCT GSTNCNRATT CTNSKGCLEA TTCTGSTHCH RATTCTNSKD
125 135 145 155 165

AF160495  CFEAKTCT DSTNCYKATA CTNSTGCPGH —————

AF160494  CFEANTCT DSTNCYKATA CTNSSGCPGH ——————

AF159117  CFEAKTCT DSTNCYKATT CINSTGCPGH —————

AF159116  CFEAKTCT DSTNCYKATA CINSTGCPGH ———————

AF159115  CFEAATCT DSTNCYKATA CTHSTGCPGH —————

AF159114  CFEAQTCT DSTNCYKATA CINSTGCPGH ——————

DQ229123  CFVATTCS GSTNCYKAIT CVNSTGCPGH ——————-

DA229124  CFEAATCTGS SNCYTAATCT DSTNCYKATT CTNSTGCPGQ LVFLLITK

AF160496  CFEAKTCT— ——— DSTNCYKATA CINSTGCPGH ————

AF159118  CFEAKTCT DSTNCYKATA CINSTGCPGH —————

AF160497  CFEATTCTGS SNCYTATTCT NSTNCYKATA CTNSTGCPGH —————-

E 1 Hu#E NCBIHEEFRBHEMNREKIFEER mRNA FEEFF X RERT 58 Clustal W 2347

Fig.1 Comparison of the current amino acid sequence of Tenebrio molitor antifreeze

protein obtained full mRNA length in the NCBI by Clustal W
JRAAFRC X IR B ST 3 1 2 B IR IR <7 XA R 2R B DX

Gray marked area is the missing conserved amino acid region of antifreeze proteins listed in the existence.
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Fig. 2 Maximum likelihood method tree of the
current amino acid sequence of Tenebrio molitor

antifreeze protein obtained full mRNA length in
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Fig.3 Mortality of Tenebrio molitor after
4, 8,16, 24 d and CK of acclimation(4°C) ,
24 h of acclimation( —11°C)
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4 UK AL IR AF160494 Rk s 354K, 2t Wik 5
A BE A B R 28 4 0 R 0 4 HUIR o R A
AF160494 ) 3% ik & ( Graham et al. ,2000),
I VEE HEWTEL P AF160494 J& — e ik Hi R %
4y BRI R e A I SR IR, R ORI &)y e R o X
ARG AL . BEIH AF160497 )35 &, 40t
IR A T 2 mIEE I, 2B HA Bk i IR 15
SPRANE o DIESCHER AP IE , 2 AF160497 Xif i 4
I BBy UK Y B R 2 b s P B 19 ( Graham
et al., 1997) , XUl FRIR IR T, Bk i o3k
G R R PE PR L, X o2 5 KR E
IS AL AT 5 . BRI AF160496 f5F IX.
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Fig.4 The relative mRNA levels of different genes,
Tenebrio molitor acclimated 4 °C at 4,

8, 16 d and the control condition
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