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Screening for Proteins Interacting with Mg-chelatase D Subunit in
Pea Chloroplast Using Yeast Two-hybrid System

YU Jing LUO Tao LUO Mei-Zhong"

( National Key Laboratory of Crop Genetic Improvement Huazhong Agricultural University Wuhan 430070 China)

Abstract  Plant chloroplast Mg—chelatase the first enzyme at the branch of chlorophyll biosynthesis
pathway catalyzes the incorporation of Mg”* into protoporphyrin IX. Its three subunits H D and I are
products of nuclear coding genes then imported into and function at the chloroplast. These subunits are not
only involved in chlorophyll biosynthesis along with the enzyme also exert other functions. Subunit H was
found as an ABA receptor and both H and D subunits were involved in the retrograde signaling from
chloroplast to nucleus. Using a yeast two-hybrid system we constructed a pGBKT7 bait vector containing
pea Mg—chelatase D subunit ¢cDNA and screened both a normalized nuclear-encoded and chloroplast—
encoded ¢cDNA library of pea leaves by co-transformation and mating method respectively. In the total of
121 putative positive clones obtained 60 clones encode 21 chloroplast proteins of which 19 were nuclear
genes and 2 were chloroplast genes. The identified proteins were involved in different biological functions

such as chlorophyll biosynthesis Calvin cycle and regulation of protein translation and transcription in

chloroplast etc. By two hybrid re-cotransformation and GST pull-down assay 4 proteins were validated.
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Our results provided valuable clues for the functional studies of chloroplast Mg—chelatase D subunit.
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Fig.1  Construction and test for expression and autoactivation of the pGBKT7-D bait vector (A)

Construction of the pGBKT7-D vector. The chlD ¢DNA without the chloroplast transit peptide was amplified by PCR
from pea and constructed into the pGBKT7 vector to form the pGBKT7-D vector. Plasmid DNA samples were digested
by Nde ] and BamH |  and separated on 1% agarose gel electrophoresis. M: marker; 1 & 2: pGBKT7; 3 & 4:
pGBKT7-D. The upper 7.3 kb band is the pGBKT7 vector; the lower 2. 3 kb band is the chlD ¢DNA insert. ( B) Test
for expression of the pGBKT7-D vector in yeast and pMR101-D vector in E. coli. Total proteins were separated on 10%
SDS-PAGE and analyzed by Western blotting using anti-D antibody. pMR-D: pMR101-D. The expressed fusion protein
from pGBKT7-D vector include a 28 kD BD domain. ( C) Test for autoactivation of the pGBKT7-D vector. The
pGBKT7-D vector and pGADT7 +ec-T vector were co-transferred into the yeast AH109 cells and selected on the SD/-
Leu/-Trp and SD/-.eu/-Trp/-His/-Ade selective medium respectively
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Fig.2 Construction of the normalized pea leaf nuclear-encoded cDNA library
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(A) Quality check of the pea leaf total RNA.

An aliquot of pea leaf total RNA were separated on a 3% agarose gel electrophoresis. ( B) The result of the DSN normalization. The

first strand ¢cDNA was synthesized by reverse transcription using CDSIII as primer and amplified by LD-PCR for 18 cycles. PCR

products were treated with different concentration of DSN and checked on gel. ( C) Quality check of an aliquot of the purified size—

selected normalized pea leaf nuclear ¢cDNA library on gel. ( D) Redundancy changes after normalization. chlD

chlH chll pend and

actin 3 are genes that express with different redundancies in pea leaves. M: marker; 0: No DSN was used; 0. 25: Treated with 0.25 U

of DSN; P: Purified
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Chloroplast cDNA clones

Fig.3 Construction of the normalized pea leaf chloroplast—
encoded cDNA library (A) Quality check of the pea leaf
chloroplast RNA. An aliquot of pea leaf chloroplast RNA were
separated on a 3% agarose gel. ( B) The result of the DSN
normalization. The first strand ¢cDNA was synthesized by reverse
transcription using CDSIII/6 as primer and amplified by LD-PCR
for 15 cycles. PCR products were treated with different
concentration of DSN and checked on gel. ( C) Quality check of
an aliquot of the purified size-selected normalized pea leaf
chloroplast cDNA library on gel. M: marker; 0: no DSN was
used; 0.125 0.25 and 0.5: treated with 0. 125 U 0.25 U and
0.5 U of DSN respectively; P: purified

Nuclear cDNA clones

Fig.4 Insert checks of the putative positive cDNA clones selected by yeast two-hybrid screening using yeast

plaque PCR Left panel

PCR products from different chloroplast cDNA clones separated on 1% agarose gel;

right panel PCR products from different nuclear<DNA clones separated on 1% agarose gel

Table 1 Details of the clones encoding chloroplast proteins

Clone No. Gene name Metebolic pathway

1 69 F1 ATPase ( BAA20135.1) ATP metabolism

ctl? ATP synthase subunit beta( X03852. 1) ATP metabolism

78 Homolog of hypothetical chloroplast RF21 ( ACF20554. 1) ATP metabolism

218 Homolog of arabidopsis FtsH8 ( 837154) PSII associated Lhcb catabolic process
446 Homolog of arabidopsis FisH1( NP_564563. 1) PSII associated Lheb catabolic process
355 RuBisCO large subunit-binding protein subunit alpha ( P08926. 2) Calvin cycle

198 203 RuBisCO large subunit-binding protein subunit beta ( P08927. 2) Calvin cycle

414 etc.” Ribulose bisphosphate carboxylase small subunit ( P07689. 1) Calvin cycle

131 135 232 Glyceraldehyde-3—phosphate dehydrogenises A ( P12858. 2) Calvin cycle

7 Glyceraldehyde-3 phosphate dehydrogenises B ( P12859. 2) Calvin cycle

291 Carbonic anhydrase ( P17067. 1) Calvin cycle

302 Mg-—chelatase I subunit ( JN198382) Chlorophyll synthesis

83 Elongation factor Tu ( AAMO01198. 1) Chloroplast translation

223 Homologof arabidopsis translation release factor ( NP_191850. 2) Chloroplast translation

24 47 Homolog of arabidopsis 30S ribosomal protein S10 ( NP_187919. 1) Chloroplast translation

37 Homolog of arabidopsis 30S ribosomal protein S5 ( NP_180936. 1) Chloroplast translation

ct27 PEP beta subunit( YP_003587568. 1) Chloroplast transcription

467 Glutamine synthetase ( P08281. 2) Photorespiration and nitrogen metebolism
468 Homolog of Arabidopsis Uridylyltransferase ( NP_564010. 1) Nitrogen metebolism

261 Outer plastidial membrane protein porin ( P42054. 2) Chloroplast protein transport

395 Unknown Unknown

" A total of 35 overlapping clones were found for this protein
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Fig.5 Subcellular locations of the deduced proteins of

the 121 clones obtained by yeast two-hybrid screening
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Fig.6 X-o-Gal assays Numbers of the putative positive clones ( in pGADT7rec vector) were listed on the

top of each panel. T stands for pPGADT7 Rec-T. The pGADT7Rec-T and pGBKT7-53 vectors are the control AD

and BD vectors respectively included in yeast two-hybrid kit. The pGADT7 Rec-T' and pGBKT7-53 combination
was used as positive control and combinations between pGBKT7-53 and the putative positive clones were used as
negative controls. Combinations between the pGBKT7-D and the putative positive clones were checked for
interactions between D and the deduced protein of each putative positive clone. Each combination was co-—

transferred into yeast AH109 and selected on SD/-Trp/-Leu/-His/-Ade/X-a-Gal selective medium
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