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Abstract
LOC387715 is a hypothetical gene located on human chromosome 10q26.13 that is associated with
the development of age-related macula degeneration (AMD). The native open reading frame (ORF)
of LOC387715 cDNA – LOC387715(ORF), contains a large number of Escherichia coli (E. coli)
rare codons (RC) including 5.6% and 15.0% Group-I and IIa translational problem causative (TPC)
RCs respectively, which forms 3 and 4 simple E. coli rare codon clusters (RCC) where RCs are
spaced by 1 and 2 respective non-TPC codons and one complex E. coli RCC where RCs and RCCs
are spaced by < 5 non-TPC codons. We modified the entire 35 E. coli RCs (6, 16 and 13 Group I,
IIa and IIb RCs respectively) present in LOC387715(ORF) with their optimal or sub-optimal
synonymous degenerate codons, and the resulted LOC387715(ORF)m was free from Shine-
Dalgarno-like sequence (SDLS) and ribosome binding site complementary sequence (RBSCS). SDS-
PAGE and Western blotting analysis demonstrated that LOC387715(ORF)m was capable of highly
expressing the recombinant protein rLOC387715 in E. coli. Mass spectrometry analysis indicated
that the bacterial expressed rLOC387715 contained the correct and expected amino acid (aa)
sequence without aa misincorporation, aa missing or frame-shift. The results suggest that high and
authentic expression of LOC387715 recombinant protein in E. coli was achieved by the synonymous
modification of its native ORF cDNA sequence for all the 3 groups of bacterial RCs and the
simultaneous elimination of SDLS and RBSCS sequences.
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Introduction
LOC387715 is a hypothetical gene that was originally found by the Gnomon gene prediction
program during the annotation of human genome sequences. It was recently named ARMS2
(age-related maculopathy susceptibility 2) by HUGO (the human genome organization) Gene
Nomenclature Committee (HGNC). At present, it retains the status of the “hypothetical” in the
NCBI (National Center for Biotechnology Information) database due to the reason that no
protein(s) encoded by this “gene” has been reported yet. However, NIH MGC (The National
Institutes of Health Mammalian Gene Collection) project 42 had obtained 2 cDNA clones from
pre-eclamptic placental tissue (NCBI Accession #: BC066349 and BC090924) for this gene,
suggesting that it is most likely a protein-encoding gene.

Chromosome 10q26 region was linked to the risk of AMD by early family-based genome-wide
scan studies 8,15,19,21,35,45,46. In this chromosomal region, genetic studies have
demonstrated the association of AMD with single nucleotide polymorphisms (SNP) of
LOC387715 locus and adjacent genes. The nonsynonymous coding polymorphism rs10490924
(encoding Ala69Ser) in the hypothetical gene (Fig. 1A) was suggested as the variation most
likely to explain the association of the chromosomal region with AMD16,29,34,38. Moreover,
some studies have shown that either chromosome 10q26.13 or rs10490924 of LOC387715
strongly interacts with smoking during AMD development 33,46. To elucidate the mechanisms
regarding how LOC387715 locus and its adjacent genes are involved in AMD development,
it will be very helpful to first determine whether LOC387715 is a real gene that encodes a
functional protein(s) and what the normal function of the encoded protein(s) is in human cells.
The ORFs of the LOC387715 predicted mRNA and the 2 NIH MGC project cDNA clones, all
encode a “hypothetical” protein consisting of 107 amino acids (aa), but no proteins known up
to now have significant homology with it. This brings about the difficulty in finding and
determining the possible native protein(s) encoded by this gene as well as the normal function
(s) for the protein(s) that may be identified in the future.

In this study, we synonymously modified the ORF cDNA sequence (BC066349) of
LOC387715 and highly expressed the recombinant protein (rLOC387715) encoded by the
modified cDNA in bacterium E. coli. The bacterial expressed recombinant protein had the same
aa sequence as that of the predicted protein, suggesting that it can be used for future
investigation related to LOC387715 such as determination of its possible native protein(s).

Materials and Methods
Bacteria, vector, enzymes and antibodies

One Shot® TOP10 Escherichia coli (E. coli) competent cells (for plasmid amplification) were
purchased from Invitrogen (Carlsbad, CA). E. coli BL21, BL21(DE3) and Rosetta 2(DE3)
competent cells were obtained from Novagen (Madison, WI). Expression vector pGS21a and
mouse anti His-tag monoclonal antibody (mAb) was from GenScript Corporation (Piscataway,
NJ). Restriction enzymes EcoRI and XhoI were from Boehringer-Mannheim (GmbH,
Germany). Rabbit anti-GST polyclonal antibody was made as previously described 3. Porcine
trypsin was obtained from Promega Corporation (Madison, WI). HRP-conjugated secondary
goat anti-rabbit IgG (F(ab′)2 fragment-specific) and donkey anti-mouse IgG (H+L) were
purchased from Jackson ImmunoResearch Laboratories, Inc. (West Grove, PA).

LOC387715 cDNA synthesis, cloning and sequencing
Self-designed synonymously modified ORF cDNA sequence of LOC387715 – LOC387715
(ORF)m was synthesized and cloned in-frame into the bacterial expression vector pGS21a
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between EcoRI and XhoI sites by GenScript Corporation. The insert was further confirmed
using DNA sequencing.

SDS-PAGE and protein relative amount quantitation
SDS-PAGE analysis was performed as previously described 2. Digital images and protein
relative amount of the total protein were obtained using HP ScanJet 6300C and the ImageJ
software 5.

Western blotting analysis
Bacterial cell lysates were separated by SDS-PAGE and transblotted onto Hybond-P PVDF
membranes (Amersham Biosciences, Little Chalfont, Buckinghamshire, England). After blots
were probed with anti-GST or anti-His tag antibody and corresponding HRP-conjugated
secondary antibody, metal enhanced DAB substrate kit (Pierce Biotechnology, Rockford, IL)
was used to identify the expressed LOC387715-encoded recombinant protein (rLOC387715).

Nano-flow liquid chromatography electrospray tandem mass spectrometry (nanoLC-ESI-MS/
MS)

SDS-PAGE gel was stained by Coomassie Brilliant R-250 Blue. The gel band cut-out of
bacterial expressed rLOC387715 was first destained with 50 mM Tris - 50% acetonitrile (pH
8.1) and reduced with 20 mM DTT in 50mM Tris (pH 8.1) at 55°C for 40 minutes, and then
alkylated with 40 mM iodoacetamide at room temperature for 40 minutes in the dark. Proteins
were digested in-situ with 30 μl enzyme solution (0.004 μg/μl porcine trypsin in 20 mM Tris
- 0.0002% Zwittergent 3–16, pH 8.1) at 37°C overnight followed by peptide extraction with
60 μl of 2% trifluoroacetic acid, then 60 μl of acetonitrile. The pooled extracts were
concentrated to less than 5 μl on a SpeedVac spinning concentrator (Savant Instruments,
Holbrook NY) and then brought up in 0.1% formic acid for protein identification by nanoLC-
ESI-MS/MS using a ThermoFinnigan LTQ Orbitrap Hybrid Mass Spectrometer
(ThermoElectron Bremen, Germany) 12 coupled to an Eksigent nanoLC-2D HPLC system
(Eksigent, Dublin, CA). The peptide mixture was loaded onto a 250-μl OPTI-PAK trap
(Optimize Technologies, Oregon City, OR) custom packed with Michrom Magic C8 solid
phase (Michrom Bioresources, Auburn, CA) and eluted with a 0.2 % formic acid-acetonitrile
gradient through a Michrom packed tip capillary Magic C18 column (75 μm × 200 mm). The
LTQ Orbitrap mass spectrometer experiment was set to perform a FT full scan from 380–1600
m/z with resolving power set at 60000 (400 m/z), followed by linear ion trap MS/MS scans on
the top 3 ions. Dynamic exclusion was set to 2 and selected ions were placed on an exclusion
list for 60 seconds. The MS/MS raw data were converted to DTA files using ThermoElectron
Bioworks 3.2 and correlated to theoretical fragmentation patterns of tryptic peptide sequences
from the NCBI nr database using Mascot™ (Matrix Sciences London, UK) search algorithm
running on 10 node cluster 26. All searches were conducted with variable modifications
allowing for carboxamidomethyl-cysteine, cysteic acid, proprionamide cysteine, methione
sulphoxide, protein N-terminal acetylation, and deamidation of asparagine and glutamine. The
search was restricted to trypsin-generated peptides allowing for 2 missed cleavages and was
left open to all species. Peptide mass search tolerances are set to 10 ppm and fragment mass
tolerance are set to ± 1.0 Daltons. Protein identifications were considered when Mascot search
results gave at least two consensus peptides with individual peptide probability scores
exceeding a threshold of 40, and ranking number one of all the hits for their respective MS/
MS spectra.
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Results
Synonymous modification of LOC387715 ORF cDNA sequence

The 2 NIH MGC cDNA clones (BC066349 and BC090924) of the “hypothetical” gene
LOC387715 all have a 107-aa encoding ORF, and the difference for the predicted protein
sequence is that the 3rd aa for the latter is His rather than Arg that is present in the former (Fig.
1C and 1D). However, the aa sequence deduced from the ORF of BC066349 is exactly the
same as the aa sequence (NCBI Accession #: XP_001131282) deduced from the predicted
mRNA (NCBI Accession #: XM_001131282) that was obtained from the genomic DNA (Fig.
1B). Therefore, we choose to express the recombinant protein of LOC387715 with same aa
sequence as that of XP_001131282 for future studies.

A rare codon (RC) is a low-usage degenerate codon that is not only used rarely or infrequently
but also decoded by rare (low-abundant) tRNA and/or other rare factors in an organism, which
may quantitatively and/or qualitatively cause translational problems during a gene expression
in the organism 4. Based on codon usage frequency, the abundance of the corresponding
decoding tRNA, and the effect on quality and quantity of protein expression, E. coli RCs can
be classified into 3 groups (I, IIa and IIb). There are 7, 6 and 7 Group-I, IIa and IIb E. coli RCs
respectively, with the first 2 groups (Group-I and IIa) rather than the last group (IIb) of E.
coli RCs having been widely reported to be TPC (translational problem causative) RCs 4.
Moreover, rare codon clusters (RCC) consisting of RCs that are spaced by 0–5 common (non-
TPC) codons, can exacerbate the RC-caused expression problems depending on the position
of an RCC 2. Either BC066349 or XM_001131282 contains 5.6%, 15.0% and 12.2% Group-
I, IIa and IIb 4 E. coli RCs, respectively (Table 1). In addition, in the ORF of BC066349 or
XM_001131282, there are 3 and 4 simple E. coli RCCs where RCs are spaced by 1 or 2 non-
TPC codons, and one complex E. coli RCC where RCs and RCCs are spaced by < 5 non-TPC
codons (data not shown). These suggest that we would not obtain high and authentic expression
of recombinant LOC387715 in E. coli if we directly employed the native ORF as a template.

In order to highly and authentically express rLOC387715 in E. coli, we directly used
synonymous modification of the cDNA sequence present in the native ORF of BC066349 or
XM_001131282 by chemical synthesis (Table 1, and Fig. 2A). In the modification, we
synonymously substituted all 35 E. coli RCs (not only 6 Group-I and 16 Group-IIa RCs but
also 13 Group-IIb RCs) with their corresponding optimal or sub-optimal common codons. In
an mRNA sequence, a RBSCS (ribosome binding site complementary sequence, which may
block translation initiation through mimicking the UCCU core sequence at the 3′ end of 16S
rRNA and thus base-pairing with the Shine-Dalgarno or SD sequence required for initiation
of translation) and a SDLS - a sequence similar to the SD sequence of a ribosome binding site
(RBS) (which may bind to the UCCU core sequence at the 3′ end of 16S rRNA and block
bacterial ribosomal binding to the correct SD site of an mRNA molecule for translation) may
also cause no or undetectable expression of a foreign gene in E. coli 2. Therefore, when we
replaced the ORF cDNA sequence, the optimal or sub-optimal degenerate common codon of
an E. coli RC, e.g., substitution of TCC by TCT or AGC, was flexibly chosen in order to avoid
forming of any new RBS and RBSCS sequence(s). Moreover, the synonymous modification
automatically resulted in the elimination of the original 2 SDLS (aaagga and aggagcaaa) and
1 RBSCS (tcctt) present in the native ORF of LOC387715. Because codon adaptation index
(CAI) value of a gene is a parameter often used to predict the protein expression level of the
gene in the cells of an organism since it most often parallels to the levels of gene expression
into protein products 37, we therefore calculated the CAI values before and after the
modification. In E. coli, the CAI values for the native ORF of BC066349 or XM_001131282
and the synonymous modified LOC387715 ORF cDNA sequence were 0.2647 and 0.8025
respectively, suggesting that the modified ORF sequence may be capable of highly expressing
its encoded recombinant protein in E. coli.
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High expression of recombinant protein rLOC387715 in E. coli
The chemically synthesized LOC387715 ORF cDNA sequence – LOC387715(ORF)m, was
first cloned in-frame into the expression vector pGS21a between the EcoRI and XhoI sites (Fig.
2B). The plasmid construct was then transformed in E. coli strain BL21(DE3), and induction
of the transformed bacteria with isopropylthio-β-D-galactoside (IPTG) at 1 mM at 37°C for
3h or overnight resulted in high expression of the recombinant protein rLOC387715 (His-
tagged GST-LOC387715) – the amount was about 15% of the bacterial total proteins for 3h
induction (Fig. 2C). Moreover, the plasmid construct was also transformed into E. coli strains
BL21 and Rosetta 2(DE3) (the latter carries a plasmid with the tRNA genes that decode seven
major E. coli RCs - AGA, AGG, AUA, CUA, GGA, CCC, and CGG for improving the yield
of full-length proteins 2), which obtained similar high levels of rLOC387715 expression (data
not shown), suggesting that the expression of the rLOC387715 by LOC387715(ORF)m was
not dependent on whether an expression host (E. coli) can express supplemental rare tRNAs.

The expression vector pGS21a encodes a His-tagged GST (glutathione-S-transferase) protein
(Fig. 3, lanes of pGS21a, vector controls). Therefore, the bacterial expressed recombinant
protein - rLOC387715 contained a His-tagged GST partner, and was able to be immunoreactive
with anti-GST antibody (Fig. 3A, lane of pGS21a-LOC387715(ORF)m) and anti-6×His tag
antibody (Fig. 3B, lane of pGS21a-LOC387715(ORF)m). The Western blotting results
indirectly confirmed that rLOC387715 protein was highly expressed in E. coli with
LOC387715(ORF)m.

Authentic expression of recombinant protein rLOC387715 in E. coli
Currently no anti-LOC387715 antibody is available for us to use Western blotting to confirm
that we have authentically expressed the recombinant protein of LOC387715, that is to say, to
determine if our bacterial expressed rLOC387715 contains the correct or the same aa sequence
as that of XP_001131282. Therefore, we first digested the expressed rLOC387715 in-gel by
trypsin, and then used sensitive nanoLC-ESI-MS/MS technology and Mascot search algorithm
to identify the trypsin-derived peptides of rLOC387715. Mascot searches, conducted with fixed
modification of carboxamidomethyl-cysteine (C) and variable modifications of methione
sulphoxide (M) and protein N-terminal acetylation, found that (a) rLOC387715 contained a
GST partner that was matched to the GST (EC 2.5.1.18) of fluke (Schistosoma japonicum)
(NCBI Accession #: A26484 ) with a MOWSE score of 2133 (data not shown); and (b)
rLOC387715 contained trypsin-peptides that were matched to the hypothetical protein
LOC387715 (XP_001131282) with a MOWSE score of 1056, and 5 trypsin-derived peptides
(peptides a, b, c, d and f, but not e) in Fig. 4, which covered 75% aa of LOC387715, were
identified in rLOC387715. Furthermore, Mascot searches, conducted with variable
modifications allowing for carboxamidomethyl-cysteine, cysteic acid, proprionamide cysteine,
methione sulphoxide, protein N-terminal acetylation, and deamidation of asparagine and
glutamine, were also performed, which found that all the 6 possible trypsin-digested peptides
of LOC387715 (XP_001131282) (the MOWSE score for the match was 1023) were present
in E. coli expressed rLOC387715 with the cysteine in peptide e (residues 71-88) was in the
status of cysteic acid (Table 2 and Fig. 4). The 6 trypsin-derived peptides (a–f) covered 92%
of the aa of LOC387715 (Fig. 4). The results suggest that rLOC387715 was authentically
expressed in E. coli.

Discussion
The native ORF cDNA of LOC387715 has a large number of E. coli RCs and RCCs, which
may result in low and undetectable expression of the encoded protein in the bacterium because
of (a) mRNA destabilization caused by impaired translation elongation at the RCs 47, (b)
blocking or lowering of translation initiation 10,13,14,27, and (c) nascent protein degradation
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with 11,30,31 or without tm-RNA mediation 18. Specifically, an Arg RC – AGG (codon #107)
preceding the stop codon TGA and a tandem RCC – AGGAGG (codons # 88–89) in the native
LOC387715 ORF cDNA implicate that it may cause low or undetectable expression of the
encoded protein in E. coli by the mechanism of tm-RNA (SsrA)-mediated degradation of
nascent proteins 11, lowering translation initiation through competing with Shine-Dalgarno
(SD) sequence for the UCCU core sequence at the 3′-end of 16S rRNA on a ribosome 13,14
and other mechanisms such as low translation rate and ribosomal stalling 32,48. CAI analysis
suggests that the native LOC387715 ORF cDNA is a cDNA encoding low level of protein in
E. coli. Moreover, E. coli RCs have been widely reported to cause the expression of a target
gene in the bacterium not to produce the authentic target protein with the correct aa sequence,
including misincorporation of wrong aa into the target protein 1,22,24,25,36,43, the synthesis
of C-terminal truncated 6,23,28 or amino acid-deleted peptides or proteins 17, and the synthesis
of frame-shifted target protein 7,9,20,39–41,44. Therefore, the native ORF cDNA of
LOC387715 was predicted not to highly and authentically express the recombinant protein of
LOC387715 in E. coli.

Our synonymously modified cDNA - LOC387715(ORF)m has the following characteristics:
(a) it has no E. coli RCs and RCCs (all the 35 RCs including 6, 16 and 13 respective Group-I,
IIa and IIb RCs, were synonymously substituted by their degenerate optimal or sub-optimal
codons); (b) it has no E. coli SDLS and RBSCS sequences; and (c) it has a high calculated CAI
value (0.8025). Therefore, theoretically it should highly express the encoded recombinant
protein in E. coli without any aa changes. Practically, this is true because (a) SDS-PAGE and
Western blotting demonstrated that plasmid pGS21a-LOC387715(ORF)m transformed E.
coli highly expressed the recombinant protein - rLOC387715 (His-tagged GST-LOC387715),
(b) Western blot with anti-GST antibody (Fig. 3A) did not find any detectable C-terminal
truncated rLOC387715, and (c) nano-LC-ESI-MS/MS further confirmed that rLOC387715
was authentically expressed – the highly expressed rLOC387715 had the same aa sequence as
that of XP_001131282. Therefore, the strategy of this study (Fig. 2A) for achieving high and
authentic expression of rLOC387715 in E. coli by directly employing chemically synthesized
synonymously modified cDNA - LOC387715(ORF)m rather than its native equivalent
LOC387715(ORF), is a cost-effective one because (a) the price for gene/cDNA synthesis is
minimal compared to other strategies, and (b) it avoids the classical clone-and-test method
which is not only expensive and time-consuming, but does not use available knowledge to
design an ORF that predicts high and authentic expression of the encoded recombinant protein.

The association of LOC387715 and/or adjacent genes in chromosomal 10q26.13 region with
AMD, and the strong interaction of LOC387715 locus with smoking in AMD development
16,29,33,38, indicates that the “hypothetical” gene could play a critical role in AMD disease.
A practical approach to determine if LOC387715 is a real protein-encoding gene may be to
use the antibody against the present authentic rLOC387715 protein to identify and/or isolate
the possible native protein(s) encoded by this “gene” in human cells. Therefore, current
expressed recombinant protein (a) may be directly used in the near future for the investigations
related to the probing of the native protein(s) and function of LOC387715; and (b) may be
further used as a valuable tool for studying or characterizing AMD.
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Figure 1. The structures of LOC387715 and its predicted mRNA and 2 cDNA clones
A. Hypothetical LOC387715. It contains one intron and 2 exons (nt1-362, and nt2245–2690)
at both ends. B. The predicted mRNA of LOC387715 (XM_373477). C. The NIH MGC cDNA
clone BC066349 of LOC387715. D. The NIH MGC cDNA clone BC090924 of LOC387715.
The major difference between XM_373477 and BC066349 is that the later had a deletion of 2
adjacent nucleotides (ac) at nt469–470. The major difference between XM_373477 and
BC090924 is that the later at nt71 and nt760 has different nucleotides (a rather than g for nt71
- which causes the 3rd aa of the predicted protein to be His rather than Arg, and g rather than
t for nt760). ORF – open reading frame, nt – nucleotides, and rs10490924 – the coding
polymorphism that is associated with the risk of AMD.
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Figure 2. The expression of recombinant LOC387715 protein (rLOC387715)
A. Schematic diagram of the strategy and process for high and authentical expression of
rLOC387715 in E. coli. B. EcoR I + Xho I digestion of pGS21a-LOC387715(ORF)m, showing
the expected size of insert (336 bp). C. SDS-PAGE, showing the high expression of the
recombinant protein in bacterium BL21(DE3) strain after induction with IPTG (1mM at 37°C
for 3 h). The recombinant protein rLOC387715 was about 15% of the bacterial total proteins.
Top arrow, the recombinant protein – His-tagged GST-LOC387715 fusion protein that was
expressed from pGS21a-LOC387715(ORF)m; bottom arrow, His-tagged GST that was
expressed from the vector pGS21a. Std – protein standards.
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Figure 3. Western blotting of E. coli expressed recombinant LOC387715 protein (rLOC387715)
A. Detection by anti-GST antibody. B. Detection by anti-6xHis antibody. High expression of
the recombinant protein was obtained in bacterium BL21(DE3) strain by the induction of IPTG
(1 mM at 37°C for 3 h). Top arrow, the recombinant protein – His-tagged GST-LOC387715
fusion protein that was expressed from pGS21a-LOC387715(ORF)m; bottom arrow, His-
tagged GST that was expressed from the vector pGS21a.
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Figure 4. The assembly of mass spectrometry identified trypsin digestion-produced peptides of E.
coli expressed recombinant protein rLOC387715
Amino acid R, and small peptides MLR, QR and SK that were produced by porcine trypsin
digestion were not identified by nanoLC-ESI-MS/MS and highlighted in blue. Only
LOC387715 protein part was shown in the figure.
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