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Identification and Expression Analysis of Heavy Metal-associated
Isoprenylated Plant Proteins HIPPs Genes in Populus
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Abstract Metal chaperones play key roles in plant physiological activities and could bind metal ions and
transport them to target proteins in order to maintain the metal ions homeostasis of cells. Currently the
properties and function analysis of the metal chaperones HIPP  heavy metal-associated isoprenylated plant
protein is mostly limited to the model plant Arabidopsis thaliana. In this study 14 PtHIPPs were identified in
Populus trichocarpa  all of which had two conserved metal ion binding motif MXCXXC as well as the conserved
isoprenylation motif in the carboxyl terminal. The amino terminal of PtHIPPs was form the BaBBaf3 secondary
structure. Some PtHIPPs had lysine-rich and/or glycine-rich regions. PtHIPPs proteins could be divided into
three subgroups according to gene structure protein conservation motifs and phylogenetic analysis. The tissue-
specific expression data of PlantGenlE and the results of fluorescence quantitative PCR identification showed that
PitHIPPs genes of P. trichocarpa and PnHIPPs genes of Populus simonii x Populus nigra had tissue-specific
expression characterizations and differences. In addition the expression patterns of PnHIPPs in different tissues

of P. simonii x P. nigra seedlings were changed after treated with copper deficiency or copper excess conditions
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for different times. This study provided theoretical groundwork for identifying the roles of HIPPs proteins in

maintaining copper homeostasis in woody model plant Populus.
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Table 1 Primers used for qRT-PCR identification
ER5IFA ILEIEYlE2 ] ER5IF EILylE2 ]l
HN : ’ ; N ; ;
Forward primer sequences Reverse primer sequences Forward primer sequences Reverse primer sequences
Gene VoA Vo Gene Vo A
5'=3 5'3 5'=3 5'=3
PHIPP22. 1 ATGAAGGGCACTTTATGG GAACATTTATGTAAGGTGGG PiHIPPS9.7  AGAAAGTAGAGGAGGAGAAGAC AGCCCTCACAATGCATGTA
PtHIPPA9. 1 AGCTAACTGCTTCCCTTCTCA AGACTGGAAGCACACCAGTA PHIPPG]. 1 CCTCCACCACAGCCACTTA CACACGAGAAACTTCACCCAT
PHIPPSS. 1 GGCCAAAGCAGAAGCTAAAGA CCTGCCCCTCATTTTCATAGTT PiHIPP63. 1 AGGACATGTAGATGCCGCC CAGCCTCTCATAGACTGCCC
PtHIPP59.4  GGCCAAAGCAGAAGCTAAAGA TCCTGCCCCTCATTTTCATAGTT PUBQT  GGAACGGGTTGAGGAGAAAGAAG ~ GCAAGAACAAGATGAAGCACAGAGC
PtHIPP39.6  GGCCAAAGCAGAAGCTAAAGAL TCCTGCCCCTCATTTTCATAGTT PiCDC2 ATTCCCCAAGTGGCCTTCTAAG TATTCATGCTCCAAAGCACTCC
o PtHIPPs & 15 A A & AL % H y 225 ~ 334 4>
2 HREHH
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A fI5G PeHIPP22. 1 §il PeHIPP22. 2 PtHIPPA9. 1 Fil
PtHIPPA9. 2 PtHIPPS9. 1 PtHIPPS9. 2 PtHIPPS9. 4
PtHIPP59. 5 PtHIPPS9. 6 F1 PtHIPPS9.7 PtHIPP61. 1
PtHIPP61.2 Fil PLHIPP61.3 352 Fl|JH ExPASy I
WoLF PSORT {4347 T 14 /> PtHIPPs 2& [ fr) B
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14 A~F 14 PHIPPs 25 1 2546 T 25
SN 1 s PHHIPPs 25 9 N il il LUE s
SFIY BaBBaB K 45 HY Hoh PHIPP22. 1
PtHIPP49. 1 PtHIPP49. 2 PtHIPP59. 1 PtHIPP59.
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Table 2 Parameters for the 14 identified PtHIPPs genes and deduced polypeptides present in the P. trichocarpa genome

LA L HRT ZIEMEH oy ERS Eﬁﬁ IRMRE BF okt Re A B RUE L
Gene name ocus name Ammo Molecular Isoelf:cmc Al'lphallc Total average Lhromgsome Lcl}ulgr
Phytozome v3.0 acid no. weight Da points index hydrophilicity location localization
PtHIPP22. 1 Potri. 006G006100. 1 261 29771.77 5.34 62.30 -1.193 Chi06 415310..419144 Nucleus
PtHIPP22.2  Potri. 006G006100. 2 225 25430. 95 6.31 65.78 -1.021 Chi06 415310..419039 Nucleus
PtHIPP49.1  Potri. 012G101400. 1 326 36851.07 7.54 54.11 -1.221 Chr12 12640257. . 12642713 Nucleus
PtHIPPA9.2  Potri. 012G101400. 2 282 32725.73 8.31 59.36 -1.198 Chrl2 12640366. . 12642688 Nucleus
PtHIPPS9.1  Potri. 015G099500. 1 334 37653. 80 5.60 56.32 -1.139 Chrl5 11854979. . 11857316 Nucleus
PtHIPP59.2  Potri. 015G099500. 2 269 30201.39 6.12 60. 86 -0.955 Chrl5 11854979. . 11857316 Cytosol
PtHIPP59.4  Potri. 015G099500. 4 269 30201. 39 6.12 60. 86 -0.955 Chrl5 11854979. . 11857316 Cytosol
PitHIPP59.5  Potri. 015G099500. 5 269 30201. 39 6.12 60. 86 -0.955 Chrl5 11854979. . 11857316 Cytosol
PtHIPP59. 6 Potri. 015G099500. 6 331 37267. 40 5.68 56.83 -1.116 Chrl5 11854979. . 11857316 Nucleus
PtHIPP59.7  Potri. 015G099500. 7 271 31984. 10 8.23 63.25 -0.988 Chrl5 11854979. . 11857316 Nucleus
PtHIPP61.1  Potri. 016G006600. 1 267 30048.73 5.38 57.60 -1.342 Chrl6 319396. . 322820 Nucleus
PiHIPP61.2  Potri. 016G006600. 2 231 26307.91 6.33 60.26 -1.197 Chrl6 319396..322579 Cytosol
PtHIPP61.3  Potri. 016G006600. 3 231 26307.91 6.33 60.26 -1.197 Chrl6 319396. .322579 Cytosol
PtHIPP63. 1 Potri. 016G017600. 1 243 27228.33 9.08 67.33 -0.846 Chrl6 946724..947856 Cytosol
PtHIPP22.1 PtHIPP22.2 PtHIPP49.1 PtHIPP49.2 PtHIPP59.1 PtHIPP59.2 PtHIPP59.4
PtHIPP59.5 PtHIPP61.2 PtHIPP61.3

PtHIPP59.6

PtHIPP59.7

PtHIPP61.1

PtHIPP63.1

E 1 ER4 PHIPPs & B H —REMTINER
Fig.1 The predicted secondary structure of PtHIPPs in P. trichocarpa
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Fig.2 Homologous comparison of the amino acid sequences of PtHIPPs
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Red boxes indicate the conserved MXCXXC metal-

binding motif and CaaX isoprenylation site and the green boxes indicate the lysine-rich region and glycine-rich region. Dots indicate the identical

amino acids and dashes indicate gaps introduced to optimize the alignment.
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Fig.3 Phylogenetic analysis of HIPP proteins from

P. trichocarpa A. thaliana and O. sativa
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Fig.4 Gene structure of PtHIPPs and the motif analysis of PtHIPPs
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C. Conservation motifs analysis of PtHIPPs proteins
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Table 3 Motif sequences of PtHIPPs proteins identified in P. trichocarpa

By FLBE E-{H VERC 741
Motif Width E-value Best matched sequences
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Fig.5 Tissue-specific expression characterization of PtHIPPs and PnHIPPs genes
of PtHIPPs genes in P. trichocarpa were generated using the data derived from http //PlantGenlE. org

specific expression profiles which generated using the expression data of PnHIPPs genes in young leaves YL  mature leaves ML

roots R

can’ s test.

of P. simonii x P. nigra detected by qRT-PCR. The different letters represent statistical significant differences P <0.05
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Fig.6 Expression profiles of PnHIPPs genes in different tissues of P. simonii x P. nigra under copper stress conditions

A C E and G are heatmaps of PnHIPPs genes in young leaves mature leaves stems and roots under copper deficiency condition and figures B D

F and H are heatmaps of these genes in the tissues under excess copper treatment. The black arrows in the figure indicate the tissues of young leav-

es mature leaves stems and roots in turn. In the heatmaps the genes are shown on the left and the copper stress concentrations and treatment

times are indicated
conditions. The val

sion levels of every

on the top. The 2 ~44¢T

method was used to analyze the expression levels of PrHIPPs in different tissues under copper stress
ues of log2 sample/control upon to copper stress conditions and different treated times were calculated as the relative expres-

PnHIPP gene. Scale bars are on the bottom right and the different color of the cells in the heatmaps indicated the expression

level of the genes went up or down compared with their controls after treatments.
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