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Fig.1 The gene structure of Drosophila melanogaster HSPs
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Tab.3 The D. melanogaster HSP families of genes Genbank accession number chromosomal location exon number

amino acid length mass signal peptide and gene function

/ b !
' kDa
HSPC ~ HSPCA
HSPOO  HSPCAL  HSPCAL-1 heat shock protein 83 NM_079175.2 NP_523899.1 3L+ 63B 2 7 81.861 N F
HSPCAL -2 hsp83 X00065. 1 (CAA24938.1 3L+ 63B 2 35 4.931 N P
HSPCAL -3 hsp 82 X03810.1 CAA27435.1 3L+ 63B 2 7 81.861 N F
HSPCAL -4 AT20544p AY122080. 1 AAMS2592.1 3L+ 63B 2 7 81.861 N F
HSPCB
HSPCB1
HSPCBI -1 glycoprotein 93 NM_143344.2 NP_651601. 1 3R+ 98B 5 87 90.233 Y2 F
HSPCB1 -2 IP13374p B1025090. 1 ABET3261. 1 3R+ 98B 87 90.233 Y2 F
HSPCB1 -3 LD23641p AY075384.1 AALGS222.1 3R+ 98B 5 787 90.233 Y20 F
HSPA HSPA
HSP70 HSPAL HSPAL-1 heat shock protein cognate 5 NM_079017.2 NP_523741.2 2r- 50E 6 686 74062 N F
HSPAL -2 heat shock protein cognate 71 101502. 1 AAA28628. 1 2r- S0E 6 687 74204 N F
HSPA2 HSPA2 -1 heat shock protein cognate 1 isoform A NM_079339.2 NP_524063. 1 3L+ 70C 2 641 70.683 N F
HSPA2 -2 heat shock protein cognate I isoform C NM_168568. 2 NP_729940. 1 3L+ 70C 3 %5 6134 N F
HSPA2-3 heat shock protein cognate 1 isoform D NM_168569. 1 NP_729941.1 3L+ 70C 2 55 6134 N F
HSPA2 -4 heat shock protein cognate 70 101501. 1 AAA28625. 1 3L+ 70C 6 641 70.682 N F
HSPA2 -5 AT28834p BT001361. 1 AANTILIG. 1 3L+ 70C 6 680  75.182 N F
HSPA3 HSPA3 -1 heat shock protein cognate 2 NM_079615.3 NP_524339.1 3R+ 87D 2 633 69.718 N F
HSPA4 HSPA4 -1 heat shock protein cognate 3 isoform A NM_167306. 1 NP_727563. 1 X- 10E 3 656 72257 Y8 F
HSPA4 -2 heat shock protein cognate 3 isoform B NM_078577.2 NP_S11132.2 X- 10E 3 656 72.257 Y 18 F
HSPA4 -3 heat shock protein cognate 3 isoform C NM_167307. 1 NP_727564. 1 X- 10E 3 656 72.257 Y 18 F
HSPA4 -4 heat shock protein cognate 3 isoform D NM_167308. 1 NP_727565.1 X- 10E 3 656 72257 Y I8 F

HSPA -5 RH21402p BT004838. 1 AAO45194.1 X- 10E 6 655 72100 Y 18 F
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3
/ b
a kDa

HSPAS HSPAS -1 heat shock protein cognate 4  isoform A NM_079632.5 NP_524356.1 3R+ 88K 2 651  71.128 N F
HSPAS -2 heat shock protein cognate 70 101500. 1 AAB59186. 1 3R+ 88E 1 651 71128 N F
HSPAS -3 RH04426p AY084193.1 AALB9931. 1 3R+ 88E 1 651 71 N F
HSPAS -4 heat shock protein cognate 4 isoform B NM_169625.2 NP_731987.1 3R+ 88K 2 651 71.128 N F
HSPAS -5 heat shock protein cognate 4 isoform C NM_169626.2 NP_731988. 1 3R+ 88E 2 651 71128 N F
HSPAS -6 heat shock protein cognate 4  isoform D NM_169627.2 NP_731989. 1 3R+ 88E 2 651 711288 N F
HSPAS -7 heat shock protein cognate 4 isoform E NM_176502.2 NP_788679. 1 3R+ 88E 2 651 7128 N F
HSPAS -8 heat shock protein cognate 4  isoform F NM_176503.2 NP_788680. 1 3R+ 88K 1 651 71.128 N F
HSPA6 HSPA6 -1 heat shock protein 68 NM_079750.3 NP_524474.1 3R- 95D 1 635 69.74 N F
HSPAT HSPAT -1 Heat - shock - protein - 70Aa NM_169441. 1 NP_731651. 1 3R+ 87A 1 642 70.156 N F
HSPAT -2 Heat - shock - protein - 70Ah NM_080059.2 NP_524798.2 3R+ 87A 1 642 70156 N F
HSPAS  HSPA8 -1 Heat - shock - protein - 70Ba NM_169469. 1 NP_731716.1 3R+ 87B 1 64l 70177 N F
HSPA§ -2 Heat - shock - protein - 70Bb NM_080188.2 NP_524927.2 3R+ 87B 1 64l 70.191 N F
HSPAS -3 Heat - shock - protein - 70Be NM_141952.1 NP_650209. 1 3R+ 87B 1 641 70.191 N F

DNA]  DNAJA
HSP40  DNAJAL  DNAJAL-1 DnaJ - like - 1 isoform A NM_079212.2 NP_523936.2 3L- 64 2 34 37020 N F
DNAJAT -1 DnaJ - like - 1 isoform B NM_168128. 1 NP_729086. 1 3L- 64E 1 34 37.026 N F
DNAJA2 — DNAJA2 -1 cysteine string protein isoform A NM_079489.2 NP_524213.1 3L+ 79D 5 23 2B3.347 N F
DNAJA2-2 cysteine string protein isoform B NM_168949. 1 NP_730713.1 3L+ 79D 1 249 26.895 N F
DNAJA2-3 cysteine string protein isoform C NM_168950.2 NP_730714.2 3L+ 79D 6 28 2456 N F
DNAJA3 — DNAJA3 -1 Dna] homolog isoform A NM_135761.2 NP_609605. 1 2L- 3A 3 389 43,935 N F
DNAJA3 -2 DnaJ homolog  isoform B NM_165025. 1 NP_723785.1 2L- 34A 4 389 43935 N F
DNAJA4  DNAJA4 -1 Dna] - like -2 isoform A NM_142026.2 NP_650283. 1 3R+ 8TE 3 403 4528 N F
DNAJA -2 Dna] - like -2 isoform B NM_169519. 1 NP_731804. 1 3R+ 8T 3 403 4528 N F
DNAJA -3 Dna) - like -2 isoform C NM_169520. 1 NP_731805. 1 3R+ 8TE 3 403 4528 N F
DNAJA4 -4 Dna) - like -2 isoform D NM_169521. 1 NP_731806. 1 3R+ 8TE 2 403 4528 N F
DNAJA -5 Dna) - like -2 isoform E NM_169522. 1 NP_731807.1 3R+ 8TE 4 403 4528 N F
DNAJAS — DNAJAS -1 lethal 2 tumorous imaginal discs isoform A NM_080193.3 NP_524932.2 2R+ S9F 2 M7 49.398 Y 21 F
DNAJAS -2 lethal 2 tumorous imaginal dises isoform B NM_206210. 1 NP_995932. 1 2R+ S9F 2 5200 56.13 Y21 F
DNAJAS -3 lethal 2 tumorous imaginal dises isoform C NM_206209. 1 NP_995931. 1 R+ S9F 2 507 56.198 Y21 F
DNAJAS -4 TidS6 protein X95242.1 CAAG4531.1 R+ S9F 5 518 §5.91 Y21 F
DNAJAS -5 Tid56 protein X95247.1 CAA64536. 1 R+ S9F 5 520 56.134 Y2 F
DNAJAS -6 SD10289p AY069853. 1 AAL39998. 1 R+ S9F 5 M7 4949 Y2 F
DNAJA6  DNAJA6 -1 Dna] - like 60 isoform A NM_079116.3 NP_523840. 1 2R- 60C 4 A7 W18 N F
DNAJA6 -2 Dna] - like 60  isoform C NM_138048.2 NP_611892.2 2R- 60C 4 A7 W18 N F
DNAJA6 -3 dna] - like protein Y11900. 1 CAAT2641.1 2R- 60C 4 A7 W18 N F
DNAJAT — DNAJAT -1 CG30156 NM_165500. 1 NP_724520.1 2R- 42E 3 358 41.205 N F
DNAJAS  DNAJA§ -1 CGs001 NM_134742.2 NP_608586.2 2L+ 20F 6 30 3954 N F

DNAJB
DNAJB! DNAJBI -1 mrj isoform A NM_166152. 1 NP_725541.1 2R- 52F 6 259 29.026 N F
DNAJBL -2 mj isoform B NM_166153. 1 NP_725542.1 2R- S2F 6 259 29026 N F
DNAJ/BL -3 mj isoform C NM_166154. 1 NP_725543.1 2R- S2F 6 29 29026 N F
DNAJBI -4 mij isoform D NM_166155. 1 NP_725544.1 2R- S2F 6 259 2902 N F
DNAJBI -5 mj isoform E NM_166156.2 NP_725545.2 R- S2F 7 M6 B/ ON F

DNAJC
DNAJCL DNAJCL -1 jdp isoform A NM_143550.2 NP_651807. 1 3R- 99F 5 195 21649 N F
DNAJCL -2 dp isoform B NM_I70501. 1 NP_733380. 1 3R- 99F 5 182 20060 N F
DNAJCL -3 jdp isoform C NM_170502. 1 NP_733381.1 3R- 99F 4 17 19.42 N F
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2 kDa
HSPB  HSPBA
sHSP HSPBAL ~ HSPBAL -1 HSP22 isoform A NM_001031944. 1 NP_001027115.1 3L+ 678 3 174 19.762 N F
HSPBAL -2 HSP22 isoform B NM_001031943. 1 NP_001027114. 1 3L+ 67B 1 174 19.762 N F
HSPBA2 ~ HSPBA2-1 HSP26 NM_079273.2 NP_523997.1 3L+ 67B 1 208 22.993 N F
HSPBA2 -2 Hsp23 NM_079275.2 NP_523999. 1 3L+ 67B 1 186 20.628 N F
HSPBA2 -3 HSP27 NM_079276.2 NP_524000. 1 3L+ 67B 1 23 23615 N F
HSPBA3  HSPBA3 -1 heat shock gene 67 Be NM_079270. 1 NP_523994.1 3L+ 67B 1 199 22.178 N F
HSPBA3 -2 heat shock gene 67 Ba NM_079274.3 NP_523998. 1 3L+ 67B 1 M5 46.928 N F
HSPBA3 -3 heat shock gene 67 Bb  isoform A NM_001031946. 1 NP_001027117.1 3L+ 67B 3 1 12.613 N P
HSPBA3 -4 heat shock gene 67 B isoform B NM_001031945. 1 NP_001027116. 1 3L+ 678 3 1 12.613 N P
HSPBA4  HSPBAS -1 (CG4461 NM_140047.1 NP_648304. 1 3L+ 67B 1 200 23.776 N F
HSPBB
HSPBBL  HSPBBI -1 lethal 2 essential for life isoform A NM_079103.2 NP_523827.1 2R- 59F 3 187 21307 N F
HSPBBI -2 lethal 2 essential for ife isoform B NM_166620.2 NP_726354.1 2R- 59F 2 145 17128 N F
HSPBB2 ~ HSPBB2-1 (CG14207 isoform B NM_167669. 1 NP_728275.1 X+ 18D 5 192 21776 N F
HSPBB2 -2 CG14207 isoform A NM_134482.2 NP_608326. 1 X+ 18D 4 183 20.841 N F
HSPBB3 HSPBB3 CG7409 NM_139898. 1 NP_648155. 1 3L+ 66A 1 154 17.965 N F
HSPD HSPD
HSP60 HSPDL HSPDL -1 heat shock protein 60 isoform A NM_078560.2 NP_SI1115.2 X+ 10A 3 573 60.805 N F
HSPDL -2 heat shock protein 60 isoform B NM_167266. 1 NP_727489. 1 X+ 10A 3 573 60.805 N F
HSPD2 HSPD2 -1 heat shock protein 60 isoform C NM_135104.4 NP_608948.2 2L+ 25F 3 576 61.583 N F
HSPD3 HSPD3 -1 heat shock protein 60 related NM_080186.3 NP_524925.1 2L+ 21E 1 648 68.633 N F
HSPD4 HSPD4 -1 Hsp60D  isoform A NM_135812.2 NP_609656. 1 2L- 34C 2 558 60.28 N F
HSPD4 -2 Hsp60D  isoform B NM_165043. 1 NP_723818.1 2L- 34C 1 558 60.28 N F
HSPDS HSPD5 -1 (67033 isoform A NM_132296.3 NP_572524.1 X+ 8C 4 535 58.06 N F
HSPDS -2 CG7033 isoform C NM_176715.1 NP_788888. 1 X+ 8C 4 533 57.8 N F
CCT CCT
TRiC CCTL CCT1 -1 T - complex chaperonin 5 isoform A NM_078983.2 NP_523707.1 2R+ RE 3 M2 59.275 N F
CCTL -2 T - complex chaperonin 5 isoform B NM_165867. 1 NP_725107.1 2R+ RBE 3 512 55788 N F
CCn CCn -1 celgamma isoform A NM_142315.2 NP_650572.2 3R+ 89D 5 54 59391 N F
(CN2-2 cclgamma  isoform B NM_169727.1 NP_732167.1 3R+ 89D 4 54 59391 N F
(Cn3 CCT3 -1 Tepl -like isoform A NM_079726.3 NP_524450.2 3R- 94B 4 57 59.53 Y18 F
CCT3-2 Tepl - like isoform B NM_170016. 1 NP_732748.1 3R- 94B 5 57 5953 YR F
a “ + " o b Y c F
2.3 HSPD CCT
35
FASTA Clustal X
Phylip HSPC
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3 Bootstrap
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Fig.3 The molecular phylogenetic tree of the D. melanogaster
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Animal Sciences

Bioinformatic Analysis of Gene Families of Heat Shock Proteins in Drosophila melanogaster

MOU Guo-peng CHEN Bin HE Zheng-bo

Institute of Entomology and Molecular Biology Engineering Research Center for Bioactive Substance Biotechnology
of Ministry of Education Chongqing Key Laboratory of Animal Biology College of Life Sciences
Chongqing Normal University Chongqing 400047 China

Abstract Heat shock proteins HSPs are a group of highly conserved proteins synthesized in cultured cells or whole organisms
which can generally be induced by stress stimulations and exist throughout all kinds of organisms. HSPs have key roles in cell growth
development differentiation and gene transcription. In this study it was performed bioinformatic analysis of gene families of heat shock
proteins in Drosophila melanogaster. The results showed that there are 6 HSPs families HSPC HSP90  HSPA HSP70  DNAJ

HSP40  HSPB small HSP as well as the chaperonin families HSPD HSP60 and CCT TRiC in Drosophila melanogaster
however there is no HSPE HSP10 and HSPH SHP110 families found which exist in human and mouse. HSPC HSPA DNAJ
HSPB HSPD and CCT contain2 8 10 7 5 and 8 genes respectively. And 7 genes are newly found in this study which has been classi-
fied and named as HSPBAS HSPBB2 HSPBB3 DNAJAT DNAJA8 HSPDS5 and HSPCBI1. All these gene mapped onto chromosomes
2L 3L 2R 3R and X. The gene structures and the functional motifs and polymorphic variants of their proteins were documented and
discussed. Phylogenetic analyses based on protein data demonstrated that they had the common ancestor and clustered as 6 families.

Key words Drosophila melanogaster HSPs gene family bioinformatics phylogenetics



