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Spatial and temporal AtRMR1 expression patterns in A. thaliana
Sequence analysis revealed that the A. thaliana genome harbors six RMR homologues, named AtRMR1 to AtRMR6 (Fig. S1), that display 29–38% amino
acid sequence homology to one another. RMR homologues that are encoded by JR700 and JR702, which are referred to here as AtRMR1 and AtRMR2,
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Figure S1. Sequence alignment of AtRMR
homologues. AtRMR homologues were
aligned by using Clustal W1.62. Asterisks
indicate conserved amino residues among
the six RMR homologues. Numbers on the
right indicate amino acid positions of the
proteins. AtRMR1, At5g66160 (JR700);
AtRMR2, At1g71980 (JR702); AtRMR3,
At1g22670; AtRMR4, At1g09560;
AtRMR5, At1g35630; AtRMR6,
At1g35625.
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Figure S2. Tissue-specific and temporal expression patterns of AtRMR1 in
A. thaliana. Total RNA was extracted from plants at different growth
stages (A) or from different tissues (B) and subjected to semiquantitative RT-
PCR for AtRMR1. PCR products from 18S rRNA served as an internal stan-
dard. The nucleotide sequence of the PCR products (0.52 kb) was con-
firmed by sequencing. 1W, 1 wk; 2W, 2 wk.

Figure S3. Western blot analysis of endogenous and transiently expressed
AtRMR1. (A) Schematic depiction of the construct used. AtRMR1 was
epitope-tagged with HA at their COOH terminus. (B) Western blot analy-
sis. Protein extracts were obtained from untransformed (Non) and
AtRMR1-HA–transformed (RMR1-HA) protoplasts and subjected to West-
ern blot analysis using anti-AtRMR1 (�-AtRMR1) and anti-HA (�-HA) anti-
bodies. As a control, preimmune serum (Pre) was used to stain the West-
ern blot. Arrowhead indicates transiently expressed AtRMR1-HA. (C)
Specificity of anti-AtRMR1 antibody. Protein extracts were prepared from
untransformed protoplasts (Non) and protoplasts transformed with
AtRMR1-HA (RMR1), AtRMR3-HA (RMR3), or AtRMR4-HA (RMR4) and
were used for Western blot analysis using anti-AtRMR1 (�-AtRMR1) or
anti-RMR2 (�-AtRMR2) antibodies. (D) AtRMR1-HA glycosylation pattern.
Protoplasts were transformed with AtRMR1-HA and incubated in the pres-
ence (Tun) and absence (Con) of tunicamycin. Protein extracts that were
obtained from untreated protoplasts were also digested with endoH
(Endo). These protein extracts were subsequently analyzed by Western
blot analysis using anti-HA antibody.
respectively, were previously shown to be expressed in root tip cells of A.
thaliana (Jiang et al., 2000). To understand the biological role of these
AtRMRs in intracellular trafficking, we decided to specifically study
AtRMR1, which is a polypeptide of 32 kD. First, we examined its temporal
and tissue-specific expression patterns by semiquantitative RT-PCR analysis
using AtRMR1-specific primers. Total RNA was prepared from imbibed
seeds, 1- and 2-wk-old A. thaliana plants, and from leaves, flowers, stems,
siliques, and root tissues. The 18S ribosomal RNA level served as a con-
trol. The AtRMR1 transcript was detected at similar levels at different
growth stages (Fig. S2 A). In addition, AtRMR1 was expressed at similar
levels in all of the different tissues except for in the roots, in which it was
expressed at significantly lower levels (Fig. S2 B). Thus, AtRMR1 is ex-
pressed in most A. thaliana cells regardless of the growth stage of the
plant.

Isolation of genomic DNA
1 g of leaf tissues that were harvested from 3-wk-old A. thaliana (Colum-
bia) and tobacco (Nicotiana tabaccum) plants were ground thoroughly in
liquid N2. Lysis buffer (50 mM Tris, pH 7.5, 100 mM NaCl, 50 mM
EDTA, 0.5% [wt/vol] SDS, and 10 mM �-mercaptoethanol) was then
added. After 1 h, the sample was centrifuged, and the supernatant was
extracted by phenol/chloroform. Genomic DNA was precipitated with eth-
anol.

RT-PCR analysis
Total RNA was extracted from imbibed seeds, cotyledons from 1-wk-old
plants, and leaf tissues from 2-wk-old plants by using the TRIzol LS reagent
(Invitrogen) according to the manufacturer’s instructions. cDNA was syn-
thesized from 1 �g of total RNA with Superscript II-RNase H reverse tran-
scriptase (Invitrogen), and PCR was performed with the 5�-AT-
GAGACTCGTCGTCTCA-3� and 5�-CGCGTACTTTCTCAAAAT-3� primers
for the LU of AtRMR1. The 5�-ATGATAACTCGACGGATCGC-3� and 5�-
CCTCCAATGGATCCTCGTTA-3� primers for 18S rRNA were used for 30
and 16 cycles, respectively, at 94, 48, and 72�C for 30 s.

Characterization of anti-RMR1 antibody

 
 

 

 
 

First, we examined the specificity of the anti-AtRMR1 antibody using protein extracts that were obtained from wild-type plants and protoplasts transformed
with AtRMR1-HA (Fig. S3 A; Jin et al., 2001). The antibody specifically recognized a protein band of 32 kD in wild-type protein extracts and two bands
of 32 and 33 kD from protein extracts that were obtained from AtRMR1-HA–transformed protoplasts (Fig. S3 B). The 33-kD band was also specifically de-
tected with the anti-HA antibody. In contrast, the preimmune serum did not detect any protein. These results indicate that the anti-AtRMR1 antibody specif-
ically recognizes AtRMR1. As a control, we used anti-AtRMR2 antibody raised against the COOH-terminal peptide of AtRMR2 (Jiang et al., 2000). The
anti-AtRMR2 antibody specifically detected a 48-kD band corresponding to that of AtRMR2 (Fig. S3 C). To further test the specificity of anti-AtRMR1 anti-
body, we expressed AtRMR3 and AtRMR4 tagged with HA in protoplasts and examined their reactivity with this antibody. Although the anti-HA antibody
specifically detected bands of 46 and 47 kD, which corresponded to AtRMR3 and AtRMR4, respectively, the anti-AtRMR1 antibody did not recognize
these bands (Fig. S3 C), indicating that the anti-AtRMR1 antibody is specific for AtRMR1. Next, we examined whether AtRMR1 is modified by glycosyla-
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Figure S4. Transient expression of epitope-tagged DIP in A. thaliana pro-
toplasts. (A) Schematic depiction of the constructs used. DIP was epitope-
tagged with HA or myc at the COOH terminus. (B) Expression of myc- and 
HA-tagged DIP in protoplasts. Protein extracts were prepared from proto-
plasts that were transformed with DIP-myc or DIP-HA and were used for 
Western blot analysis using anti-myc (�-myc) or anti-HA (�-HA) antibodies, 
respectively. Non, untransformed protoplasts.

Figure S5. Quantification of the overlap of AtRMR1-HA with ST-GFP, �-
COP, or DIP-myc. The number of AtRMR1-positive punctate stains that colo-
calized with ST-GFP, �-COP, or DIP-myc–positive punctate stains were 
counted to estimate the degree of overlap. More than 200 punctate stains 
were counted for each comparison. Three independent experiments were 
performed to obtain means and SEM (error bars).

Figure S6. Schematic depiction of the constructs used. The LU and COOH-
terminal ring H2 domains of AtRMR1 were deleted in AtRMR1�LU-HA and 
AtRMR1�CT-HA, respectively. Numbers indicate amino acid positions of 
tion. Protein extracts were prepared from protoplasts expressing AtRMR1-
HA in the presence and absence of tunicamycin, which is an inhibitor of
NH2 glycosylation (Leavitt et al., 1977). AtRMR1-HA that was prepared
from tunicamycin-treated protoplasts migrated faster than that prepared
from untreated protoplasts (Fig. S3 D). Thus, AtRMR1-HA is glycosylated in
A. thaliana leaf protoplasts. Then, we examined the endoH sensitivity of
the NH2 glycan moiety on AtRMR1-HA (Kornfeld and Kornfeld 1985;
Crofts et al., 1999). EndoH treatment did not change the mobility of
AtRMR1-HA (Fig. S3 D), which suggests that the NH2 glycan moiety of
AtRMR1-HA is the Golgi-modified complex type.
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