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ERD2s (ER luminal protein receptors)-mediated retrograde transport is one of the most substantial processes to maintain
the endoplasmic reticulum (ER) homeostasis. It is completed by the recognition of the escaped ER luminal proteins,
the gathering into COP | vesicle, and the fusion and releasing into the ER. ERD2s can recognize HDEL/KDEL motifs at
the C-terminal of the escaped ER luminal proteins at the Golgi to initiate the retrograde transport. However, these
mechanisms remain largely unknown in plants. We recently found that two Nicotiana benthamiana homologs, ERD2a
and ERD2b, functioned as ER luminal protein receptors, were required for both HDEL/KDEL motifs-mediated ER retrieval
and participated in cell death triggered by ER stress and nonhost pathogens. Here, we provide a set of new data that
ERD2a/2b can form homo- or hetero-oligomerization and interact with both the ADP-ribosylation factor 1 (ARF1) and its
potential GTPase-activating proteins (GAP) indicated by the firefly luciferase complementation imaging assay (LCl). These
evidences further support the ER luminal protein receptor function of ERD2a/2b in plants and suggest their evolutionarily
conserved mechanism during the retrograde trafficking. We also analyze the characteristics of ERD2s within a species and

among different species.

The existence of intracelluar compartments in the eukaryortic cells
is one of the most important characteristics compared with that
in the prokaryotic cells. These compartments temporarily con-
tact with each other or are interconnected by the vesicles to com-
plete the cargo transport or the components exchange.! Secretory
proteins enter into the ER for synthesis and modification, fol-
lowed by the COP II vesicle-mediated delivery to the Golgi for
sorting.”* In plants, the soluble proteins appear to be transported
to the Golgi dependent on COP 1II vesicle in the manner of bulk
flow.>® Along this transport, the ER chaperones are also packaged
into COP 1I vesicle and escaped to the Golgi. To maintain the
ER function, these escaped ER chaperones should be retrieved,
which is mediated by COP I vesicle. The ER luminal protein
receptors (ERD2s) are the key component to initiate this process.

ERD2 was first identified through the screening of
ER-retention defective (erd) yeast mutants.” Followed was the
description of two human KDEL receptors (as KDEL is the typi-
cal motif in human).®? In 1993, Arabidopsis ERD2 gene was also
isolated and had the ability to complement the lethal phenotype
of yeast erd2 deletion mutant.' Further experiments to screen
the suppressors that allowed yeast to growth without ERD2 gene
resulted in the identification of six suppressors of erd2-deletion
(SED) genes."! Together with the evidences of these SED genes,
two important roles were suggested for ERD2: one was for the
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retention of HDEL/KDEL-tagged proteins in the ER; the other
was to maintain the intracellular membrane homeostasis. Direct
findings to support the role of ERD2s in the COP I vesicle-
mediated retrograde transport from the Golgi to the ER was the
consequential identification of the physical interaction partners,
such as GAP for ARFI, one of the key components to initiate
the trafficking.!*"> Besides the function of ER retrieval, ERD2s
could also act as the signaling components. First, KDEL recep-
tors can form oligomerization.”® Second, KDEL receptor was
found to modulate the ER stress through mitogen-activated pro-
tein kinase (MAPK) signaling cascades.' Recent research found
that chaperone-bound KDEL receptor triggered the activation
of Src family kinases on the Golgi complex which was essential
in the regulation of Golgi-to-plasma membrane transport.” All
these evidences lead to further exploration the signaling roles of
ERD2 in the future.

Arabidopsis genome has seven ERD2-like proteins which
can be grouped into two classes, two belonging to class I and
the other five belonging to class I1.'® However, little was known
about plant ERD2s until recently. We found that ERD2a
(GU388433) and ERD2b (GU388432) had the activity of ER
luminal protein receptor.” By a high-throughput virus-induced
gene silencing (VIGS) screen, we found that knocking down
ERD2b delayed the nonhost pathogen Xanthomonas oryzae
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Figure 1.LCl assay: Tested pairwise genes were fused to N-terminal domain
of firefly luciferase (Nluc) or C-terminal domain of firefly luciferase (Cluc) and
were cloned into T-DNA vector. Agrobacterium cultures harboring the tested

pairwise plasmids were mixed at a 1:1 ratio and were co-infiltrated into N. ben-

thamiana. 48 h later, leaves were detached and sprayed with 1 mM luciferin.
Fluorescence chemical signal was captured with a low-light cooled CCD cam-

era (Andor iXon CCD camera, Andor Technology Ltd.). Pictures were taken after

10 min explosure. (A). ERD2s interact with ARF1 and ARF1-GAP. “1” represents

tested pairwised proteins ARF1-Cluc/GAP-Nluc; “2": ERD2a-Cluc/ARF1NIluc; “3"

ERD2a-Cluc/GAP-Nluc; “4": ERD2a-Cluc/Nluc; “5”: ERD2b-Cluc/ARF1NIluc; “6":

SHORT COMMUNICATION

unknown. All the results suggest a conserved role of ERD2
may exist evolutionarily.

Though the typical roles of ERD2s may be conserved,
there are still some differences among family members of
some speciesor different organisms. First, in yeast, HDEL
is the typical retrieval motif carried by ER luminal proteins
while KDEL is adpoted in mammals. These two motifs
are commonly found in plants though with other diverse
motifs, like KAEL for (UDP)-glucose:glycoprotein glu -
cosyltransferase (UGGT). It is worth noting that the
distribution of HDEL/KDEL among the plant ER lumi -
nal proteins appear not random: HDEL is mostly car -
ried by the luminal binding proteins (BiPs)/calreticulins
(CRTs) family while KDEL is mostly contained by endo -
plasmin and most protein disulfide isomerases (PDIs). ¥
Among different species, the ligands of ERD2s could
be encoded by different numbers of genes and have dif -
ferent retrieval motifs. For example, three BiP genes are
found in Arabidopsis and more than seven in tobacco with
HDEL motif, while only one gene encoded BiP in yeast

ERD2b-Cluc/GAP-Nluc; “7": ERD2b-Cluc/Nluc; “4” and “7" are negative control;

(B). ERD2a/2b oligomerize homologously or heterologously. “8” is negative
control expressing Nluc and Cluc; “9”: ERD2a-Cluc/ERD2a-Nluc; “10”: ERD2a-

Cluc/ERD2b-Nluc; “11”: ERD2b-Cluc/ERD2b-Nluc; “12": ERD2aNluc/ERD2b-Cluc;
“PC" is positive control expressing Cluc-AtRar1/AtSgt1a-Nluc (At: Arabidopsis).

pv oryzae (Xoo)-induced cell death. To investigate the class I
ERD2s, we cloned the other member ERD2a. Both ERD2a
and ERD2b can function as the ER luminal protein receptor in
yeast. They localized to both the ER and the Golgi, consistent
with their predicted role to shuttle between these two compart -
ments. Further, we used GFP carrying with C-terminal HDEL
and KDEL motifs to moniter the activity of ER retrieval pro -
cess. We demonstrated that ERD2a and ERD2b were required
for HDEL/KDEL-mediated retrieval of ER luminal proteins as
ER luminal protein receptors in plants with functional addative
or redundancy. Silencing ERD2b eliminated most of the GFP
fluorescence for GK plants (GFP-KDEL transgenic plants) but
not for 16¢ plants (GFP-HDEL transgenic plants), suggesting
that ERD2b could have preferential recognition for KDEL-
tagged proteins in plants.

Here, we provide another data to support that plant ERD2a
and ERD2b can function as ER luminal protein receptor. Firefly
luciferase is split into N domain (Nluc) and C domain (Cluc)
which are fused to the tested pairwise proteins. Upon interaction,
the complement luciferase is reconstituted and can be detected
easily, and this method is called firefly luciferase complementa -
tion imaging assay (LCI).' Using this method, we found the
pairwise interaction among ERD2, ARF1 (DQ531849) and the
potential ARF1-GAP (TC136734) (Fig. 1A). Oligomerization
has been reported to be a conserved and commom interac -
tion form for both soluble proteins and membrane proteins to
transduce signals and regulate different cellular events. We also
showed that ERD2a/2b can oligomerize homologously or heter -
ologously (Fig. 1B), suggesting that ERD2s may also act as sig -
naling components in plants though downstream targets remain
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and human with HDEL and KDEL respectively. Since
ERD2s are responsible for their recognition and retrieval,

the variation of the retrieval motifs among different

organisms indirectly points out the functional differ -
ence between ERD2s and their cargo. Second, the family

members of ERD2 orthologs are different among differ -
ent species. three KDEL receptors (human ERD2s) are ident -
fied in human genome vs. only one ERD2 in yeast. Arabidopsis

genome contains seven ERD2 like proteins. Our blast results

against Nicotiana tabacum EST database also indicated seven

ERD?2 like proteins. It remains largely unknown whether the

amount of ERD2s homologs is correlated with the recognition
specificity to the different retrieval motifs. Third, the activity of

ER luminal protein receptor may be organism-specific. Human

KDEL receptor 1 cannot complement the lethal phenotype of
yeast erd2 deletion mutant.® In contrasts, Arabidopsis ERD2a,
N. benthamiana ERD2a and ERD2b have been found to func -
tion in yeast.'®"” Further, ERD2a and ERD2b have been proved
to function as ER luminal protein receptor in plants. '/ Whether
the other five class II ERD2-like proteins in plants can function

as ER luminal protein receptor needs to be investigated further.

Fourth, mutation of Arabidopsis ERD2b specifically affected
CRT?3, but not CRT1 or CRT2 or BiP, although they all carry
a C-terminal HDEL signal. '* However, we found that silencing
N. benthamiana ERD2a and/or ERD2b affected BiP accumula -
tion in the ER, suggesting BiP may be a client of N. benthami-
ana ERD2a and ERD2b. The difference may be species-specific

and raise the question to determine the biological significance

of these differences. Fifth, silencing N. benthamiana ERD2b
caused more loss of GFP with KDEL motif than GFP with

HDEL motif from the ER, suggesting a preferred characteristic

for different retrieval motifs.

We found that in most cases, ERD2a and ERD2b functioned
addatively to regulate the biological events including ER retrieval,
ER stress induced cell death, R genes triggered cell death.
Silencing N. benthamiana ERD2a and/or ERD2b enhanced R
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genes triggered cell death, suggesting ER stress is also one part of
hypersensitive response. We found only two different effects: one
was the retrieval motif selection as mentioned above; the other
one was their contrast response to two tested nonhost pathogens
Xanthomonas oryzae pv oryzae (Xoo) and Pseudomonas syringae
pv tomato DC3000 (Pst DC3000) induced cell death. Human
KDEL receptor was reported to be involved in the activation of
Src family kinases and may act as signaling component besides
ER retrieval.?*?' Thus, we postulated that the different effects
on nonhost cell death of ERD2a and ERD2b may be attribute
to pathogen-induced ER stress, ER quality control of the cell
death related proteins or the downstream signaling pathways to

be identified.

Taken together, ERD2 mediated ER retrieval are highly con-
served among different species with few functional differences.
Multiple genes for ERD2s in plants provide the possibility to
verify the specificity between the ERD2s and their clients, and to
further illustrate the evolutionary divergence.
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