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Introduction                                                                   

Light is one of the most essential environmental 
signals for plants. To sense and respond to 
the variable environmental light conditions, 
plants have developed two main light sensing 
systems: Phytochrome (Franklin & Quail, 2010) 
and two blue light receptors; cryptochrome 
(Liu et al., 2011) and phototropins (Christie, 
2007). Phototropins are plasma membrane 
light-activated serine/threonine protein kinases 
(Christie et al., 1998). Light sensing by the 
phototropins is mediated by a repeated motif at 
the N-terminal region of the protein known as the 
LOV domain. This domain contains two light-, 
oxygen-, or voltage-sensing (LOV) domains that 
bind oxidized flavin mononucleotide (FMN) as 
a UV blue light–absorbing cofactor (Christie et 
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Physiological significance of Pisum sativum TOC GTPases protein phosphoryation 
has linked the regulation of protein import into chloroplast with the environmental changes. 
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al., 1999). LOV domain photoexcitation results 
in autophosphorylation of light receptors and 
the initiation of phototropin signaling (Swartz 
et al., 2001; Kennis et al., 2003; Möglich et al., 
2010 and Christie et al., 2012). The majority 
of plants, including Arabidopsis thaliana, have 
two phototropin homologues named Phot1 and 
Phot2, which share physiological responses 
depending on the intensity of light; these include 
phototropism, leaf positioning and expansion, 
chloroplast relocation movement, and stomatal 
opening (Sakai et al., 2001). Recent studies have 
evidenced that Phot1 and Phot2 signals are most 
likely elicited from the plasma membrane (PM) 
to the final destination by vesicular transport 
(Aggarwal et al., 2014) and trafficking mediated 
by the Golgi apparatus to the chloroplast surface 
(Kong et al., 2012). Moreover, Phot2 was found 
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and detected as chloroplast outer envelope 
protein after the core proteome of chloroplast 
envelope membranes was defined (Ibrahim, 
2012 and Simm et al., 2013). Furthermore, 
Also, endogenous AtPhot2 was upregulated and 
heavily detected in the ppi1::S181A plant line 
(knouckout cell line of  A. thaliana where serine 
to alanine exchange was performed to abolish 
the phosphorylation of AtToc33) (Oreb et al., 
2007, 2008).

Translocation of chloroplast preproteins 
across its outer and inner membranes occurs 
through different paths, one of which is the 
coordination between the TOC (Translocon at 
outer envelope membrane of chloroplast) and 
TIC (Translocon at inner envelope membrane of 
chloroplasts) complexes (Becker et al., 2004; Soll 
& Schleiff, 2004; Li et al., 2007 and Jarvis, 2008).
TOC complex performs the initial recognition 
of the preproteins and their translocation across 
the outer membrane (Schnell et al., 1997). 
Then, TIC complex physically associates with 
the TOC complex subunits and dispenses the 
membrane translocation channel for the inner 
membrane. TOC core complex that was found 
to be functionally active and sufficient for in 
vitro transport of a preproteins in lipid vesicles 
consists of two GTPases receptor proteins; 
Toc34 &Toc159 and one channel protein, 
Toc75 (Schleiff et al., 2003). The transfer of the 
precursor imported protein (immature cytosolic 
form) toward the TOC translocon is regulated by a 
series of cTP (recognizable chloroplast cleavable 
transit peptide guiding the protein to and into the 
chloroplast) phosphorylation/dephosphorylation 
(Waegemann & Soll, 1996; Sveshnikova et al., 
2000 and Martin et al., 2006). The TOC complex 
receptor protein Toc34 (Kessler et al., 1994), a 
membrane anchored GTP-binding protein, can 
recognize the phosphorylated cTP (Schleiff et 
al., 2002) and precursor protein guiding 14-
3-3 proteins (Qbadou et al., 2006) in a GTP-
dependant manner. Following release of the 
associated guiding complex, the precursor is 
transferred to Toc34 (Qbadou et al., 2006). 
By means of GTP hydrolysis and GDP release 
from Toc34, the precursor is then transferred 
to Toc159 (Schleiff et al., 2003). TOC GTPase 
receptor protein regarded as a driver motor of the 
translocation process and subsequently pushed 
through the pore-forming Toc75, TOC complex 
β-barrel shaped channel (Hinnah et al., 2002). 

Protein targeting toward and translocation 
into chloroplasts is a highly ordered process 
involving the action of protein kinases and 
phosphatases as well as a GTP dependent TOC 
machine at the chloroplast membrane (Fulgosi 
& Soll, 2002 and Jelic et al., 2002, 2003). 
Toc34 and Toc159 are phosphorylated at their 
G domains by distinct protein kinases present in 
the hosting chloroplast outer membrane (Fulgosi 
& Soll, 2002). The phosphorylation of Toc34 
inhibits the recognition of precursor proteins and 
GTP binding. Disruption of Toc34 association 
from the TOC core complex was observed (Oreb 
et al., 2008). Hence, phosphorylation of Toc34 
serves as an inhibitor for its assembly with other 
components of the TOC core complex. Hereby, 
phosphorylation and GTP hydrolysis tightly 
regulate this molecular ensemble (Oreb et al., 
2008 and Agne & Kessler, 2009). Interestingly, 
in A. thaliana three isofrms of Toc159 were 
identified, namely AtToc132, AtToc120, and 
AtToc90 (Kubis et al., 2004) and two isoforms 
of the Toc34 GTPase were identified, namely 
AtToc34 and atToc33 (Vojta et al., 2004). 
Functional distinction between the two receptors 
was investigated (Jelic et al., 2003 and Vojta et al., 
2004). It has been reported that AtToc33 is utilized 
for translocation of photosynthetic proteins and 
AtToc34 for the import of housekeeping proteins 
(Vojta et al., 2004). Comparing psToc34 from 
P. sativum with AtToc34 and AtToc33 from A. 
thaliana has revealed that only one isoform, 
namely AtToc33 is phosphorylated (Jelic et al., 
2003). Although the phosphorylation of Toc34 is 
already known for several years, several questions 
regarding the phosphorylation status of the two 
Toc34 isoforms from A. thaliana, the molecular 
components involved in the regulation of the 
phosphorylation process, precisely what is the 
protein kinase and where this kinase is initially 
localized, so far remained unclear. In vivo, 
complemented AtToc33 knockout line (ppi1), 
plastid protein import mutant, with the phospho-
mimicking mutation has shown a reduction 
in the photosynthetic performance as well as 
chloroplast biogenesis in the transgenic lines at 
an early developmental stage (Oreb et al., 2007). 
However, the identification of the physiological 
relevance of TOC GTPases phosphorylation is 
not accomplished in details so far (Oreb et al., 
2008 and Agne & Kessler, 2009). 

This study aims for comprehensive 
understanding of the overlapping of phot2 
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localization at the outer envelope of chloroplast 
with the phosphorylation of TOC GTPases. 
This may expand our understanding regarding 
timing, physiological relevance,  and regulatory 
mechanism by which protein import into 
chloroplast is regulated. Also, the nature of the 
interaction between Phot2 and chloroplast outer 
membrane protein(s) was focused. To answer the 
questions to this subject, biochemical, biophysical 
and molecular techniques will be performed.

Materials and Methods                                             

Materials
Pisum sativum L. (Garden pea) seeds, cultivar 

Master B, were kindly provided by Crop Research 
Center, Agricultural Research Center (ARC), 
Giza, Egypt. Seeds of Arabidopsis thaliana 
L. (thale cress) wild type (WT) and knockout 
(KO) individual mutants of Phot1 (ΔAtPhot1) 
and Phot2 (ΔAtPhot2) were kindly provided by 
Prof. Dr. John Cristie, Professor of photobiology, 
Institute of Molecular Cell and Systems Biology, 
Scotland. Mouse monoclonal anti-Phosphoserine 
(Anti-PhosSer) antibody was obtained from 
Invitrogen (Camarillo, CA). Antisera against 
GTPase domains (G-domain) of PsTOC159 and 
PsTOC34 were kindly lyophilized and provided 
by Prof. Dr. Enrico Schleiff (Head of the Institute 
for Molecular Cell Biology of Plants, Molecular 
Biosciences Department, JWG University, 
Frankfurt, Germany). The antibody raised against 
kinase domain of AtPhot2 (AtPHOT2-KD) was 
kindly provided by Prof. Dr. John Cristie. For 
immunoprecipitation experiments, the beads of 
Protein-A-Sepharose were obtained from GE 
Healthcare (Freiburg, Germany). The rest of used 
chemicals, reagents, and kits throughout this 
study were purchased from Promega (Madison, 
USA). 

Methods
Purification of chloroplasts and chloroplasts 

envelopes from P. sativum L. and A. thaliana L. 
Pure intact chloroplasts were isolated from 

garden pea (Pisum sativum L.) of seven days 
old plants grown in long day (16h light, 21°C/ 
8h dark, 16°C) newly established greenhouse 
chambers facility of Botany Department, 
Faculty of Science, Ain Shams University. The 
isolation and purification procedure depended on 
PercollTM-based gradient centrifugation using 40-
80% (v/v) percollTM. The purification procedure 
was performed as described previously (Schleiff 

et al., 2003; Ibrahim, 2012 and Salah et al., 2016). 
Outer envelope membrane proteins (OEPs) 
were purified from intact osmotically-shocked 
and mechanically-disrupted chloroplasts. 
Purification of chloroplast membrane proteins 
was performed using sucrose density gradient 
centrifugation. Constructed sucrose gradients 
and fractionation of chloroplast membranes 
via differential ultracentrifugation were carried 
out as previously described by Simm et al. 
(2013). Intact chloroplasts of A. thaliana were 
isolated from twenty-day-old plants. PercollTM 
gradients were constructed by 45-85% (v/v) 
percollTM. The purification procedure was 
followed as investigated previously by Simm 
et al. (2013). Recovered chloroplasts were 
washed, centrifuged, resuspended in TE buffer, 
and stored in -80°C until further applications. 
Mixed chloroplast envelopes were isolated by 
sucrose density gradient centrifugation using 
osmotically-shocked and mechanically-disrupted 
chloroplasts. Intact layer of fractionated mixed 
envelopes was retrieved by glass Pasteur pipette, 
washed, centrifuged, resuspended in TE buffer, 
and stored in -80°C until further use (Ibrahim, 
2012 and Simm et al., 2013).                

Blue light (BL) treatments
Under long day conditions (16h light, 21°C/ 

8h dark, 16°C) at normal light photoperiod, 
seedlings of A. thaliana and P. sativum were 
grown for twenty and seven days, respectively, for 
chloroplasts and/or OEPs isolation. Pea seedlings 
were grown on MS medium (Sambrook et al., 
1989) with minor modifications as demonstrated 
previously by Salah et al. (2016). Pea plants 
were pre-illuminated by BL spectrum (at 15cm 
apart from plant seedlings at Botany Department 
imaging dark room) using BL filter under low 
(5, 10, and 20μmol m-2 s-1) and high (30, 50, and 
70μmol m-2 s-1) photon flux intensity for one hour 
prior to chloroplast and/or OEPs isolation for in 
vitro protein phosphorylation assay.

Gene chip analysis and construction of co-
expression gene network 

The expression level of TOC complex and 
phototropins related genes were analyzed. 
Light treatment for one hour was performed as 
described by Schleiff et al. (2003). Subsequently, 
gene chip analysis of Affymetrix ATH1 
Arabidopsis Genome Array (Affymetrix, High 
Wycombe, United Kingdom) was carried out 
using extracted RNA from twenty-day-old wild 
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type A. thaliana according to Vojta et al. (2004). 
The data of gene transcripts were analyzed using 
the provided software by Affymetrix (MAS). 
Co-expressed gene network, using AtPHOT2 
gene ID at TAIR database, was constructed by 
online module ATTED-II ver.9.2 (Obayashi et al., 
2018) co-expression platform of A. thaliana to 
find out and assess the possible co-regulated and 
interacting partners between phototropins and 
OEPs of chloroplast.

In vitro protein phosphorylation assay 
(protein kinase assay)

Intact purified chloroplasts or chloroplast 
OEPs harboring the potential protein kinase 
activity were incubated for 20min at room 
temperature in 20mM Tris-HCl, pH 7.6, 
containing 5µM ATP, 5mM MgCl2, and 0.2mM 
Na-orthovanadate. Then, phosphorylation 
reaction was terminated by adding 4x SDS 
sample buffer. The samples were fractionated 
on 12% SDS-PAGE. Phosphoserine-containing 
polypeptides, showing the incorporation of 
γ-phosphate into proteins, were identified by 
western blot technique against Anti-PhosSer 
antibody. 

Protein electrophoresis and primary 
interaction immunoassays 

Protein electrophoretic separation on 12% 
SDS-PAGE was either followed by gel staining 
with Coomassie blue R-250 (Laemmli, 1970) or 
blotting onto a nitrocellulose membrane (0.1μ, 
Schleicher & Schull, Germany) in Towbin-buffer 
(192mM Glycine, 25mM Tris/HCl, pH 8.3, 0,1% 
(w/v) SDS, and 15% (v/v) Methanol) using wet 
transfer system (Scie-Plas, Cat. number TV100-
EBK) according to manufacturer’s instructions. 
Phosphate buffered saline (PBS) supplemented 
with Tween-20 was used for membranes washing 
steps intervening the primary and secondary 
antibodies incubation times. Monoclonal primary 
antibodies against PsTOC159 and PsTOC34 
G-domains, phosphorylated serine residue, and 
alkaline phosphatase-conjugated secondary anti-
rabbit IgG (Agrisera) were used. Immunoblotting 
(western blotting, WB) technique was carried 
out as described previously by Kausch & Handa 
(1997). Co-immunoprecipitaion (Co-IP) protocol 
of 1.5% (w/v) digitonin-solubilized chloroplast 
OEPs using α-AtPHOT2-KD was performed 
using IP-buffer containing 25mM HEPES/KOH, 
pH 7.6, 150mM NaCl as previously described by 
Sambrook et al. (1989).

Results and Discussion                                                 

Blue light dependent phosphorylation of OEPs of 
chloroplasts

To investigate the effect of light quality 
and intensity on the phosphorylation level of 
chloroplast OEPs and trace its relation to TOC 
GTPases receptor proteins (Toc34 and Toc159), 
purified chloroplasts from pea were subjected 
to four different light conditions; dark (under 
dem red light), normal day light, low and 
high blue light intensities. Then, OEPs were 
subsequently extracted and subjected to in vitro 
protein phosphorylation assay. Phosphorylated 
OEPs were analyzed either by SDS-PAGE and 
COBB (Coomassie Brilliant Blue) staining 
or detected by immunoblotting against Anti-
PhosSer antibody (Fig. 1). To manifest the 
specificity of light dependent kinase activity 
on Toc34 (running approximately at 34kDa) 
and Toc159 (running approximately at 
159kDa), signals obtained by Anti-PhosSer 
antibody were merged with the corresponding 
signals obtained by western blot using specific 
antibodies of G-domains of Toc34 and Toc159. 
Phosphorylation of PsToc34 and PsToc159 
(truncated and/or full length) was confirmed 
as previously investigated (Sveshnikova et al., 
2000; Fulgosi & Soll, 2002; Jelic et al., 2002, 
2003; Oreb et al., 2008 and Ibrahim, 2012). It was 
found that no difference in the phosphorylation 
profile and/or level of OEPs subjected to dark 
and normal light conditions (Fig. 1, lanes 1-2). 
Notably the phosphorylation level of OEPs 
were dramatically decreased under high light 
intensities (Fig. 1, lanes 6-8) campared to those 
treated with low light intensities (Fig. 1, lanes 
3-5) as well as dark and normal light conditions. 
Phosphorylation of Toc34 was induced under 
low light and decreased significantly under 
high BL treatment compared to the dark and 
normal light conditions (Fig. 1, denoted by 
gray arrow). However, Toc159 was contrary to 
Toc34 in its phosphorylation, it was triggered 
at maximum peak under high BL intensity and 
was not detected under low light intensities 
(Fig. 1, denoted by blue arrow). Therefore, it 
was suggested that phosphorylation of OEPs, 
especially Toc34 and Toc159 is blue light 
dependent. Together, it might be concluded 
that phosphorylation of Toc34 is maintained 
conservatively in chloroplast, while in case 
of Toc159 is triggered under high light 
circumstances. High BL intensity is proposed 
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to initiate chloroplast relocation movement, named 
avoidance movement of chloroplasts (Finn et al., 
2010 and Lehmann et al., 2011). Several evidences 
have assessed the detection of Phot2 at chloroplast 
outer envelope (Kong et al., 2012; Simm et al., 2013 
and Aggarwal et al., 2014). Being more induced to 
be phosphorylated at high BL intensities, Toc159, 
but not Toc34, might be correlated with chloroplast 
avoidance movement by its interaction with blue 
light receptors Phot1 and/or Phot2. 

Gene expression analysis of Toc core subunits and 
phototropins  

To bring a comprehensive depiction about 
the expression of the TOC core complex and 
phototropins gene(s), their transcript levels were 
analyzed in A. thaliana L. leaves to gain insights 
into possible interaction, co-regulation and/or 
functions of these proteins. Firstly, gene chip 
analysis has shown the highest expression levels 
for AtToc75-III, AtToc33, and AtToc90 (Fig. 
2A). High transcript levels of these proteins may 
give rise to a specific form of Toc core complex 
for translocation across the outer envelope under 
HL-triggered avoidance movement (Vojta et 
al., 2004). Interestingly, AtToc34, AtToc64-I, 
AtToc90, and AtToc132 were detected and shown 
an approximate similar expression, which was 
lower than the expression of AtToc75-III. Only 
AtToc120 was further drastically reduced. The 
data show differential gene expression of Toc33 
and Toc159 isoforms in photosynthetically active 
tissue. These results may account for the reduction 
in the photosynthetic activities of AtToc33 
knockout line (Oreb et al., 2007). These results 
were in line with the same findings of Vojta et al. 
(2004). Non-photosynthetic and photosynthetic 
proteins were suggested to use different Toc33 
and Toc159 isoforms during their import into 
chloroplast (Kubis et al., 2004). Involvement 
of AtToc33 isoform in import of photosynthetic 
proteins (Kubis et al., 2004), and AtToc34 isoform 
for non-photosynthetic and housekeeping proteins 
(Jelic et al., 2003 and Agne & Kessler, 2009) were 
reported. Discriminatory localization of Toc33 and 
Toc159 isoforms between tissues was evidenced 
(Kubis et al., 2004), where AtToc33, AtToc159 and 
AtToc90 more intended in leaves, while AtToc34, 
AtToc123, and AtToc120 in roots. On the other 
hand, 26 phototropins and phototropin-like genes 
(Phot-Like) were expressed and indentified under 
HL applied conditions. Analysis of these genes 
has revealed significant high expression levels of 
Phot1 and Phot2 (Fig. 2B). Being concomitantly 

up regulated under HL intensity, Toc33 and Toc159 
might be regulated by the kinase activity of Phot1 
and/or Phot2. Secondly, validation of gene chip 
data was assured by construction of co-expression 
gene network In Silico using a plant co-expression 
database, ATTED-II ver.9.2 (Obayashi et al., 2018). 
It was found that expression of Toc33 and Toc159 
transcripts were directly connected to each other 
on the network. Toc159 was found to indirectly 
connected to Phot2 by Reduced Chloroplast 
Coverage 1 and 2, REC1 (TAIR:AT1G01320) 
and REC2 (TAIR:AT4G28080), respectively 
(Fig. 3). REC1 and REC2 are protein-coding 
genes harboring TetratricoPeptide Repeats (TPR) 
domain with amidase activity. Latter two proteins 
contribute and work in ensemble with the third 
protein, REC3 to establish chloroplast size 
(Larkin et al., 2016). Under high light chloroplast 
avoidance movement is induced as one of plant-
developed photoprotective mechanisms which 
include size re-adjustment of chloroplast and/or 
its subcompartment(s) (Givnish, 1988). That is 
typically has accounted for the direct connection 
of Phot2 and REC1/REC2 upon unfavorable high 
light conditions. Therefore, a similar conclusion 
might be drawn that a kind of interaction and co-
regulation was evidenced between Phot1/2 and 
TOC GTPases based on gene chip analysis and 
constructed In Silico co-expression network.                  

Assessment protein-protein interaction between 
Phot2 and TOC GTPases

Since Phot2 was identified at OEM of 
chloroplast and its expression was heavily detected 
in the phospho-mimicry mutant line (ppi1::S181A), 
therefore Co-IP protocol was performed to figure 
out the interacting partner(s) for Phot2 at OEM 
of chloroplast. To reveal interactions between 
functional proteins at physiological relevant 
and to get closer to the thought after interacting 
partners AtPHOT2-KD antibody was immobilized 
on Protein-A- Sepharose beads. The results have 
shown that the interaction of Phot2 is confirmed 
with Toc159 and Toc75 (Fig. 4), but not with 
Toc33. It has been noticed that the interaction 
is higher with Toc75 at second and third elution 
fractions (Fig. 4, lanes 7 and 8, respectively), but 
with only the third elution in case of Toc159 (Fig.  
4 lane 8). Weak interaction between AtPHOT2-
KD and G-domain of Toc159 was attributed to 
fast, instantaneous and transient interaction during 
the phosphorylation process between the protein 
kinase and its proposed target protein (Phot2 and 
Toc159, respectively). 
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Fig. 2. Gene chip analysis of Toc core subunits and phototropins [Expression levels of the TOC complex subunits 
(panel A) and phototropins/phototropin-like genes (panel B) in A. thaliana leaves were analyzed by Affymetrix 
expression analysis. Y axis values refer to normalized gene chip scores (signals) shown as expression units 
of three independent biological replicates. The expression values of investigated transcript levels were 
normalized according to the highest observed expression].

Two evidences have supported the notion of 
Phot2 and Toc159 interaction; Firstly, serine/
threonine protein kinase is responsible for Toc159 
phosphorylation (Fulgosi & Soll, 2002) which is 
the same protein kinase family of Phot2. Secondly, 
Toc159 is phosphorylated in cytosolic-localized 

G-domain (Fulgosi & Soll, 2002; Jelic et al., 2003; 
Oreb et al., 2008). On the other hand, investigated 
results are in harmony with the co-expressed gene 
network mentioned above regarding possible 
interaction and/or co-regulation between Phot2 
and TOC GTPases, specifically Toc159 (Fig. 3).  
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Fig. 4. Confirmation the interaction between Phot2 and TOC GTPases by Co-IP [Co-IP protocol against α-AtPHOT2-
KD antibody was performed. Outer envelope membranes of chloroplasts (equivalent to 70µg total protein content) were 
solubilized by 1.5% (w/v) digitonin (Input, lane 1). Solubilized membrane proteins were passed over Sepharose matrix 
immobilized with α-AtPHOT2-KD antibody. Unbound membrane proteins fraction (Flow through, lane 2) was collected. 
The Sepharose matrix was then washed by Co-IP-buffer included 25mM HEPES/KOH, pH 7.6, 150mM NaCl for three 
times (Washing, lanes 3-5). Interacting proteins were eluted from Sepharose matrix (Elution, lanes 6-8)].

Specificity of Phot2 kinase activity towards Toc34 
and Toc159 

To manifest the specificity of Phot2 kinase 
activity towards TOC GTPases, in vitro protein 
phosphorylation assay was performed using 
knockout line (ΔAtPhot2) and wild type A. thaliana 
plants (WT). Furthermore, it was reported that 
Phot1 blue light receptor functions in high light 
fluence rates to regulate and/or mediate phototropic 
responses with Phot2 (Zhao et al., 2013). Hereby, 
using knockout line of A. thaliana phototropin1 
(ΔAtPhot1) was taken into consideration and in 
execution of in vitro protein phosphorylation assay. 
Intact chloroplasts purified from WT, ΔAtPhot2, 
ΔAtPhot1 genotypes were subjected to in vitro 

kinase assay to assess presence/absence of TOC 
GTPases phosphorylation, especially Toc159. It 
was found that AtToc33 and AtToc86, proteolytic 
and truncated fragment of Toc159 (Hirsch et al., 
1994; Kubis et al., 2004 and Agne & Kessler, 
2009), were phosphorylated in all studied genetic 
background (Fig. 5). These findings lead to the 
conclusion that Phot1 and Phot2 are not the specific 
protein kinases responsible for phosphorylation of 
TOC GTPases. On the same context, triggered 
phosphorylation of Toc33 and Toc86/159 in 
ΔAtPhot2 and ΔAtPhot1 refers to presence of 
another signal transduction cascades might be 
connected with the other identified and expressed 
24 PHOT-LIKE gene transcripts (Fig. 2B). To 
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address the validity of this speculation, structural 
and functional analyses discussing the nature and 
localization of pre-mentioned PHOT-LIKE genes 
should be further investigated. Moreover, T-DNA 
insertion lines might be conducted by reverse 
genetics to monitor and survey the kinase activity 
and specificity of expressed PHOT-LIKE proteins 
towards TOC GTPases. 

Conclusion                                                                

Taken all together, it is most likely concluded 
that interaction of Phot2 with TOC GTPases, 
specifically Toc159, is related to photo-induced 
chloroplast movement and relocation, but not 
with regulation of protein import into chloroplast 
by phosphorylation of TOC translocon receptor 
proteins, Toc33 and Toc159. The identification 
of the regulatory units and characterization of the 
influence of receptor phosphorylation on plastid 
and plant development signs important for the 

integration of the translocation into the regulatory 
network of the cell need to be more focused and 
studied. Thereby, signs essential to understand 
the plastid-cell communication. The outcome will 
place the protein translocation into chloroplast 
into a broader picture of signal perception and 
transduction of plants at cellular level.
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Fig. 5. Specificity of Phot2/Phot1 kinase activity towards TOC GTPases [Intact chloroplasts were identified from WT, 
ΔPhot2, and ΔPhot1 genetic backgrounds. Initial analysis of Phot2 and Phot1 kinase activity in wild type (WT, lanes 
1-3), ΔPhot2 (lanes 4-6), and ΔPhot1 (lanes 7-9) towards TOC GTPases was shown. The numbers shown on the left-
handed side of the figures indicate molecular weight standards in kDa. Gray and blue arrows refer to phosphorylated 
ATToc33 and AtToc86/159, respectively. Phosphorylated proteins were detected by western blotting (WB) using Anti-
PhosSer antibody].   
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التفاعل الديناميكي بين بروتين Toc159 ومستقبلات الضوء الأزرق على الغلاف الخارجي 
للبلاستيدات الخضراء

هبة حمدى و محمد إبراهيم 
قسم النبات – كلية العلوم – جامعة عين شمس – القاهرة – مصر.

لقد قرنت الأهمية الفسيولوجية لعملية فسفرة البروتين Toc33 )وحدة بروتينية ذات وزن جزيئى 33 كيلو دالتون 
مكونة للمركب المُنفذِْ للبروتينات لداخل البلاستيدات الخضراء TOC complex و الموجود على الغشاء الخارجى 
للبلاستيدة( بين تنظيم إدخال البروتينات )protein import( داخل البلاستيدات و المتغيرات البيئية المحيطة )خاصة، 
ظروف الإضاءة(. وقد تم سلفا تأكيد التوطن تحت الخلوى لمستقبل الضوء الأزرق )Phototropin2 (Phot2 على 
 Phot2 الغشاء الخارجى للبلاستيدة. ومن هنا، كان من الأهمية بمكان دراسة العلاقة وإيجاد حلقة الوصل بين توطن
على الغشاء الخارجي للبلاستيدة و عملية فسفرة البروتينات المحللة لـجزيئيات GTP) GTPases( و المكونة 
للمركب المُنفذِْ TOC الموجود أيضا على نفس الغشاء. و قد خلصت النتائج إلى التشخيص النوعى و التمايزى 
للضوء الأزرق تحديدا بكثافات ضوئية )شديدة و ضعيفة( على إحداث فسفرة لبروتينات TOC GTPases و هما 
Toc33 و Toc159 )وحدة بروتينية ذات وزن جزيئى 159 كيلو دالتون مكونة للمركب المُنفذِْ للبروتينات لداخل 
البلاستيدات الخضراء TOC complex( الموجودة على الأغشية الخارجية للبلاستيدات الخضراء السليمة )غير 
المحطمة( والمعزولة من نبات بسلة الزهور. و تم دراسة تأثير التعرض للضوء الأزرق ذو الكثافة الضوئية الشديدة 
على التعبير الجينى )على مستوى إنتاج نسخ الجينات Gene transcripts( للوحدات البروتينية المكونة للمركب 
 )Phototropins( و مستقبلات الضوء الأزرق من الفوتوبروبينات )TOC core complex subunits( ِْالمُنفذ
باستخدام تقنية  Gene chip analysis باستخدام نبات الأرابيدوبسيس )Arabidopsis thaliana(. و قد أسفرت 
النتائج عن رصد تباين و تمايز على مستوى التعبير الجينى٬ حيث سجل بروتين Toc33 أعلى مستوى للتعبير 
الجينى متبوعا ببروتينات Toc159 و Toc75-III و التى سجلت مستوى أقل )إلى حد ما(. أيضا تم تعيين تمايز و 
اختلاف التعبير الجينى لست و عشرين من Phototropins و أشباهها )Photropin-like genes( ٬ كان النصيب 
الأكبر للنسخ الجينية لبروتين Phot1 متبوعا بمثيلاتها من Phot2. و فى نفس السياق كشفت شبكة الجينات المشتركة 
للتعبير الجيني )Co-expression gene netweork( ل Phot2 أن هناك اتصالا وثيقا مع بروتين يحمل كود 
 Toc159 و أيضا مع بروتين )TPR) Tetratricopeptide و يحتوى على تكرار At1g01320الموضع الجينى
)كود الموضع الجينى AT4G15810(. وعلاوة على ذلك، فقد أثبت فحص Co-immunoprecipitaion أنه 
لم يتم الكشف عن أي أرتباط بين وحدة محفز الفسفرة )Kinase domain( فى Phot2-KD) Phot2( وبروتين 
Toc33. و على غير المتوقع٬ فقد تم إثبات هذا الارتباط بين Phot2-KD و بروتين Toc159. ولمزيد من التأكيد 
على قدرة Phot2 على إحداث عملية الفسفرة لكل من Toc33و Toc159٬ فقد تم عزل البلاستيدات من سلالات 
للتثبت من  مهندسة وراثيا لنبات Arabidopsis تم فيها عمل إقصاء لكل من Phot2 و Phot1 كل على حدة 
استمرار إحداث عملية الفسفرة أو غيابها. و لقد أظهرت النتائج استمرار فسفرة Toc33 و Toc159 فى السلالات 
المهندسة وراثيا و العينات المرجعية )Wild type( على حد سواء. ومن ثم  فقد تخلص هذه الدراسة إلى استنباط أن 
طبيعة التفاعل بين Phot2 و Toc159 على وجه الخصوص ليست بسبب إحداث عملية الفسفرة كما كان متوقعا. و 
 Avoidance movement لكن قد يكون الأرتباط ديناميكيا و مستحثا لحركة البلاستيدات بعيدا عن الضوء الشديد
و تعديل شكلها أو حجمها  نتيجة تعرضها لظروف ضوئية شديدة. و من وجهة أخرى قد يكون هذا الأرتباط كإشارة 
حث ترتبط بعملية نشأة البلاستيدات chloroplast biogenesis. و تفتح هذه الدراسة آفاقا جديدة لفهم و استنباط٬ 
بالإضافة لجذب الأنتباه لدراسة Photropin-like genes و التى يمكن أن ترتبط بشكل مباشر أو غير مباشر 
 TOC لتكون مسؤولة عن فسفرة TOC core complex subunits  بتنظيم إدخال البروتينات للبلاستيدات عبر
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