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Similarity of GroEL sequences from endosymbionts of Bemisia tabaci

Hemiptera Aleyrodidae in different host plants
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Abstract Endosymbionts included primary endosymbionts and secondary endosymbionts —accreting with insects.
Endosymbionts evolved with insects and benefit from each other. Endosymbiont affected the insects’ growth insects”
fertilizing and viral disease transmission of plants. GroEL a 63 kDa protein encoded by the groEL gene of endosymbionts in
Bemisia tabaci played an important role in viral disease transmission by Bemisia tabaci. The product of the groEL gene was
a type of viral binding protein. Viral particles that had reached the hemolymph interact with GroEL produced by
endosymbionts on their way to the salivary glands and form a complex that protected virions from rapid proteolysis.

Begomoviruses were transmitted solely by the whitefly Bemisia tabaci. Several whitefly species such as Trialeurodes
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vaporariorum were able to ingest Bemisia tabaci-transmissible begomoviruses but did not transmit them to plants. In order
to probe into the invaded mechanism of Bemisia tabact cloning and sequencing of groEL of endosymbionts in Bemisia tabaci
long-term living on different host plants in Beijing were conducted. Molecular phylogenetic trees including groEL genes
and GroEL proteins of endosymbionts in Bemisia tabaci and other bacteria were reconstructed. The results showed that
groEL was a very conservative gene and evolved very slowly. There was little difference among groEL genes from
endosymbionts in different eco-types Bemisia tabaci. GroEL gene and GroEL protein from endosymbionts in different eco-
types Bemisia tabaci belonged to the same branch. Molecular phylogenetic trees based on groEL and GroEL could explain
phylogenetic relationships of different bacteria but not for different eco-type species. There were identical molecular
phylogenetic trees for groEL and GroEL. Comparison of GroEL sequences showed that There were identical conservative
amino acids ATPase activity sites polypeptide binding sites and GroES binding sites between GroEL of endosymbionts in
Bemisia tabaci and other prokaryotic GroEL. GroEL of Bemisia tabaci endosymbionts belonged to typical hsp60. There were
a few replacement sites in conservative amino acids of GroEL of endosymbionts in different ecological Bemisia tabaci. These
amino acids might be unimportant functional sites. Those results explained that groEL varied in unimportant sites in order to
fit into different ecological environment and kept consistent in necessary functional sites in order to have necessary
physiological functions. Further investigation into GroEL would provide insights into valuable ways of controlling plant viral
diseases transmitted by Bemisia tabaci. To understand the damage mechanism of pests it was also very important to

investigate the role of the endosymbionts and GroEL.
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1.1
B cucumber
Cucumis sativus tomato Lycopersicon escutentum tobacco Nicotiana tabacum poinsettia
Euphorbia pulcherrima morning glory Ipomoea purpurea capsicum Capsicum annuum
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1.2 DNA
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1:1 3 1 DNA 70%
4°C DNA
1.3 PCR
GenBank AF130421 '° Primer Designer

fwd 5'-atggcagctaaagacttaaaattigg-3’ rev 5’ — ttacatcataccattcattcegeee-3'

1.4 PCR
groEL PCR 50pL fwd  rev
2. 5mmol/L 10 x PCR buffer Sul. Mg’* 2.5 ~3.0mmol/L. Tag  1U
94°C S5min 94°C1min 52°C Imin 72°C 2min 35 72°C 10min
1.5 PCR
groEL PCR 0.8% DNA
PCR pGM-T easy
PCR
ABIPRSMTM337
1.6 DNA
GenBank
1 Clustral W DNA
MEGA2.1 2001  Molecular Evolutionary Genetics Analysia Version2. 1
evolution ME Neighbor Joining NJ
Bootstrap 1025 Replication
1 groEL

0. 6pmol/L 200ng dNTPs
50uL PCR
4°C
PCR
GenBank
Blast
alignment
Minimum
GroEL

Table 1 Basic information of groEL sequences deposited in GenBank

Host plant of B. tabaci or aphids Bacteria Accession :lrl(llf:b];r% of groEL sequences Site of whitefly collection
Cucumis sativus cucumber Endosymbiont in B. tabaci AY462929 Beijing China
Lycopersicon escuientum tomato Endosymbiont in B. tabaci AY462930

Nicotiana tabacum tobacco Endosymbiont in B. tabaci AY462931

Euphorbia pulcherrima poinsettia Endosymbiont in B. tabaci AY462932

Ipomoea purpurea morning glory Endosymbiont in B. tabaci AY445872

Capsicum annuum capsicum Endosymbiont in B. tabaci AY445873

Brassica oleracea cabbage Endosymbiont in B. tabaci AY445874

- Endosymbiont in B. tabaci AF130421 fsracl
Prunus persica peach Buchnera aphidicola in Myzus persica AF367248 * Shanxi China
Free living Salmonella typhi 001039 ’ -

Triticum aestivum wheat endosymbiont in Rhopalosiphum padi U77380 7 -

Free living Neisseria gonorrhoeae 723008 7 -

Triticum aestivum wheat endosymbiont in Sitobion avenae 77379 7 B

- The real information couldn’ t be known
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2.1 GroEL AY442930
i
GroEL AY445873
I Bootstrap 1025 60% - . R
1 AY442932
& AY442931
GroEL U77380
78 u77379
Rhopalosiphum padi Myzus persicae U01039
Sitobion avenae GroEL 223008
3 groEL GroEL 1 GroEL
Fig. 1 ~ Phylogenetic evolution tree of endosymbionts from Bemisia
aroFL CroFL tabaci based on GroEL complete amino acid sequences
Salmonella_typhi Netsseria e zo?rile tree was constructed by Neighbor
gonorrhoeae  groEL GroEL Joint NI procedure in the software package MEGA2. 1 2001 . The
length and bootstrap confidence values of each branch are indicated
2.2 GroEL above and below the branch respectively
50 GroEL/Hsp60 133
T GroEL/Hsp60 ATPase
GroES 2 GroEL ATPase
GroES GroEL GroEL 170 388
P48212  P31294
GroEL 51 95 169 367 395 5
GroEL GroEL.  Buchnera GroEL
293 GroEL  Buchnera GroELL ~ PLRV potato leaf roll virus
GroEL
3
2 groEL
14~16
Morin GroEL N- 30
Rhopalosiphum padi Myzus persicae Sitobion avenae GroEL 7
Israel groEL
GroEL GroEL
GroEL
GroEL
Buchnera GroEL TYLCV-Is Tomato yellow leaf curl virus from Israel
80% . GroEL
Buchnera GroEL GroEL.  Buchnera GroEL PLRV
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2 Buchnera GroEL

Fig.2  Amino acid sequence of B. tabaci GroEL and comparison with GroEL from E. coli free living bacterium and Buchnera aphidicola

endosymbiont of M. persicae

% ATPase $ GroES } GroEL/Hsp60 - PLRV

Those involved in ATPase activity are indicated by # Those involved in GroES binding are indicated by $ Amino acids reported to be involved in

polypetide binding are indicated by arrows Amino acids at positions conserved in other GroEL/Hsp60 chaperonions are boxed Identical amino acids are

indicated by bars The PLRV binding domains are indicated by gray shading
X07850 E. coli AF003957 Buchnera aphidicola endosymbiont of Myzus persica

PLRV

GroEL
Ccp groEL
References
1 Zeidan M Czosnek H. Acquisition and transmission of Agrobacterium by the whitefly Bemisia tabaci. Molecular Plant-Microbe Interactions 1994
76 792—798.
2 Feng LX Yang Y H Xie BY et al. Be careful of new virus vegetable diseases with Bemisia tabaci appearing. China Vegetables 2001 2 34
—35.
3 Van den Heuvel ] F ] M Verbeek M Bruyere A et al. Endosymbiotic bacteria associated with circulative transmission of potato leafroll virus by
Myzus persicae. J Gen Virol 1994 75 2559 —2565.
4 Llorca O Galan A Carrascosa J L et al. GroEL under heat-shock switching from a folding to a storing function. J Biol Chem 1996 273 32587
—32594.
5 Li C Cox-Foster D Gray S M et al. Vector specificity of barley yellow dwarf virus BYDV  transmission identification of potential cellular
receptors binding BYDV-MAV in the aphid Sitobion avenae. Virology 2001 286 125 —133.
6 Fenton W A Kashi Y Frutak K et al. Residues in chaperonin GroEL required for polypetide binding and release. Nature 1994 371 614
—619.
7 Fares M A Barrio E  Sabater-Munoz B et al. The evolution of the heat-shock protein GroEL from Buchnera the primary endosymbiont of aphids

is governed by positive selection. Mol Biol Evol 2002 19 7 1162 —1170.

http //www. ecologica. cn



6 Bemisia tabaci GroEL 2497

8 Zchori-fein E Brown J K. Diversity of prokaryotes associated with Bemisia tabaci ~ Gennadius Hemiptera  Aleyrodidae . Annals of
Entomological Society of America 2002 95 6 711 —718.

9 Sambrook J Fritsch E F Maniatis T. Molecular Cloning A Laboratory Manual. Beijing Science Press 2nd ed 2002 25 —26.

10 Morin S Ghanim M Sobol I et al. The GroEL Protein of the whitefly Bemisia tabaci interacts with the coat protein of transmissible and
nontransmissible begomovirous in the yeast two-hybrid system. Virology 2000 276 404 —416.

11 CuiXF WuYF LinL etal. Cloning and Sequence analysis of Buchnera groEL Gene from Endosymbiotic Bacteria of Myzus persicae. Virologica
Sinica 2002 17 1 69 —72.

12 Maynard SJ Dowson C G Spratt B G . Localised sex in bacteria. Nature 1991 349 29 —31.

13 Funk DJ Wernegreen J] J Moran N A. Intraspecific variation in symbiont genomes Bottlenecks and the aphid-Buchnera association. Genetics
2001 157 477 —489.

14 Lynch M. Mutation accumulation in transfer RNAs molecular evidence for Mullers ratchet in mitochondrial genomes. Mol Biol Evol 1996 13 209
—220.

15  Schultz ST Lynch M. Deleterious mutation and extinction effects of variable mutational effects synergistic epistasis beneficial mutations and
degree of outcrossing. Evolution 1997 51 1363 — 1371.

16  Lynch M. Mutation accumulation in nuclear organelle and prokaryotic genomes transfer RNA genes. Mol Biol Evol 1997 14 914 —925.

17 Morin S Ghanim M Zeidan M et al. A GroEL homologue from endosymbiotic bacteria of the whitefly Bemisia tabaci is implicated in the
circulative transmission of tomato yellow leaf curl virus. Virology 1999 256 1 75 —84.

2 2001 2 34 ~35.

9 J EF T. .2 . 2002.25 ~26.

11 Buchnera groEL . 2002 17 1 69 ~72.

http //www. ecologica. cn



