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Molecular Cloning and Characterization of Outer Envelope Membrane
Protein from Salicornia herbacea
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ABSTRACT Complementary DNA encoding chloroplast outer envelope membrane protein (OEP) from the
halophyte Salicornia herbacea has been cloned and sequenced. The full length ¢cDNA is 596 bp and encodes
a polypeptide of 91 amino acid residues with a molecular mass of 8.9 kDa. The expression level of ShOEP
increased by salt, drought and ABA treatments. ShOEP expression was largely induced in roots and shoots by
high salts. The biological function of ShOEP was examined by yeast complementation. ShOEP can suppress
Na* sensitivity of yeast mutant (cnbd) in the presence of salt. These results suggest that ShOEP is a salt
inducible gene and may have functions in the regulation of plant salt stress.
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d7] MEe ZAASo} BLAST Zeaso g BEAsigr)
olE % NaCl 5ol ofste] BaAFo] Z7lske & H17
7} 212829 outer envelope membrane protein¥} H&
NS HYouE ol& ShOEPE 333t

OEP:E JEA|2] 9wl EAehe Tuld o shold.
ggcacgagggcaacagacccaactcccaagtcctaagaacatttg 45
ataaattaaaccacttcatcattacaatatattcttctcaaaacc 90

accaacaaactaagcaaagATGGGGAACCCAGATGGAGGAAAGGA 135
M GNZPDGSGKE 9

GGTTCCAGTGAAGCAAACTGCAATTGTGGTGAGTGTGCTAGCAGT 180
VPVKQTIAIVVYSVLAV 24
TGGGTGGTTAGCCATTCAGTTTGCTCTCAAGCCTTTTCTCAACAA 225
G WLAI1IQFALKPFTLN 39
GAAAAAAGAGGATTCTTCCGGTTCAGACAATCCTGAAAGCAAGGG 270

KKEDSSGSDNPESKSE 54

TACTACCGGTTCAGCCAAATCCGATCCTCCGCCGGCCACCGCCCC 315

T TGS AKSODPPPATATP 69
ACCAGCCGCCGCCGCCGCCGCGCCCGCCCCATCATCCCAAGGCAC 360

P AAAAAAPAPSSQGT 84
CTCCAGTCCAGCTCCAGCCTCAtaagaatatgecatttttttttct 405

S SPAPAS * 91
tgccttgttattttgtatgtatgaaatgaaccattatttcattgt 450
tttgttgttcgagagttittcectttctgtgtttatgtetttaatt 495
tetgttgtgtetttttittogooogagttattacttatggttatg 540
tcaagaactctttatgtgtgt tgagtataaataaagtaaaataaa 585
gtggtgettgo 596

Figure 1. Nucleotide and deduced amino acid sequence of
ShOEP. The amino acid residues are indicated by single letter
code. The transmembrane domain is underlined. The nucleotide
sequence of ShOEP was deposited in GenBank with accession
number AY817017.
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OFPS}E 77} 40.3%, 38%, 25.3%9] SAMIS Uehiit
(Figure 2). B2 OEPS3} u}ad7}A s ShOEPS|E trans-
membrane domaino] £A)5tG =1 o] domaing 7He] FA}
Qe ABH G 51.4% 18] T FESHE 41.2%2 TS &
Al etk

NaCl %o W& SHOEPS] W& #Fe] W3l
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Figure 2. The deduced amino acid sequence ShOEP was aligned with sequences obtained from public databases and refer to the
following: SpOEP6.7, Spinach OEP (accession no. AAA34034); EcOEP, Erysimum cheiri OEP (accession no. AAK52964); AtOEP7,
Arabidopsis OEP7 (accession no. CAB43440); AtOEP, Arabidopsis OEP (accession no. AAM64361) and PsOEP14, pea OEP14
(accession no. JQ1181). Gaps represented by dashes were introduced to produce the best match among the six OEP homologs. The
box represents the highly conserved sequence among OEP homologs.
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Figure 3. Expression of SAOEP under salt stress. Four-week-old
seedlings of Salicornia were treated with NaCl for the indicated
concentration (M) for 15 days. Total RNA (15 pg) were sub-
jected to northern blot analysis.
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Figure 4. Expression patterns of SAOEP in root and shoot of
Salicornia. Four-week-old Salicornia seedlings were treated with
0.3 M NaCl for 15 days or 0.3M KCl for 7 days. Total RNA
(15 pg) was analyzed by northern blot analysis using ShOEP
cDNA insert as a probe.
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gQ15t7] Hate] Southern 248 F3E}3lT) (Figure 6).
5 25 E 223 genomic DNAE ShOEP2] ¢cDNA
& A=A 8= BamHI, EcoRV, Xbalo] Al 71#] A E

A. ShOEP B.

Figure 5. Effects of ABA, NaCl and PEG treatments on ex-
pression of SKOEP (A) and AtOEP (B). Four-week-old seedlings
of Salicornia and Arabidopsis were treated with 15% PEG 6000,
250 mM NaCl (for Arabidopsis) and 100 ¢M ABA for the
indicated time periods (h). Total RNA (15 ug) extracted from
roots and shoots were subjected to northern blot analysis.
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Figure 6. Genomic Southern blot analysis of SAOEP and AtOEP.
Salicornia (A) and Arabidopsis (B) genomic DNA (5 ug) digested
with Xbal, EcoRl, BamHI and HindlIll were separated by ele-
ctrophoresis in 1.0% agarose gel and transferred to a nylon
membrane. Hybridizations were carried out with SHOEP or AtOEP
cDNA inserts.
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Control

Figure 7. Complementation of the calcineurin mutant by ShOEP
in yeast cells. The SAOEP gene was introduced into calcineurin
mutant (cnb4), and the complementation of transformed cells were
examined. The transformed cells were grown in the standard
synthetic medium lacking uvracil overnight at 30°C. The overnight
cultures were serially diluted and grown on YPG plate containing
0.8 M NaCl, 1.5 M Sorbitol, and 1.5 M Mannitol, respectively.
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outer envelope membrane protein¥} & FAES HPO
23 o2 SHOEPZ HHstgth. ShOEPE 1293 bp 2ol
3597)¢] o}m|x=Alo E FAIH open reading frameS ¥ &
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PEGe] 9|8t wrdo] F7sh= i H|GAAEQ] of71%
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