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Abstract

Genetically encoded phosphoserine incorporation programmed by the UAG codon was achieved
by addition of engineered elongation factor and an archaeal aminoacyl-tRNA synthetase to the
normal Escherichia colitranslation machinery (Park (2011) Science 333, 1151). However, protein
yield suffers from expression of the orthogonal phosphoserine translation system and competition
with release factor 1 (RF-1). In a strain lacking RF-1, phosphoserine phosphatase, and where 7
UAG codons residing in essential genes were converted to UAA, phosphoserine incorporation into
GFP and WNK4 was significantly elevated, but with an accompanying loss in cellular fitness and
viability.
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1. Introduction

Phosphorylation at serine residues is the most abundant phosphorylation event in eukaryotic
signaling pathways. Given that these signaling networks form the basis for regulating most
physiological processes, there exists a continued scientific interest in resolving the nature of
these phosphorylation events. Chemical modification of proteins has enabled the study of
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functionally relevant phosphorylation sites within proteins but the use of this method is
limted [1]. Recently, a new method for the study of phosphorylation viatranslational
insertion of O-phosphoserine (Sep) has been developed. This SEP-system employs UAG
codon (amber) suppression, an orthogonal aminoacyl tRNA synthetase/tRNA pair (SepRS/
tRNASEP) and an engineered elongation factor (EF-Sep) [2].

The use of UAG as a sense codon for Sep insertion results in low protein yields and
truncated protein products due to the primary function of UAG as a stop codon [2]. While
natural suppressor tRNAs are capable of efficient amber codon read-through in the presence
of release factors [3], orthogonal suppressor systems remain less efficient at this process.
Reported protein yields vary from ~micrograms with Sep-incorporation [2] to ~milligrams
for other systems [4], depending on the employed unnatural amino acid and associated
suppressor system. Thus, to achieve high yield production of Sep-proteins with the relatively
inefficient SEP-system, release factor competition must be minimized.

The recognition of stop codons by release factors 1 (RF-1, encoded by prfA) and 2 (RF-2,
encoded by prfB) leads to peptide chain termination during translation. Amber and ochre
(UAG & UAA) stop codons are recognized by RF-1 while ochre and opal (UAA & UGA)
stop codons are recognized by RF-2. RF-1 has been thought to be essential [5,6] in
Escherichia coli. However, prfA deletion has recently been successful as employed by two
very different classes of approaches. Studies have reported that pr7A deletion is possible if
(1) the genomic background of £. coliis significantly reduced and specific, accommodating
mutations are introduced within prfB[7,8] or (1) essential TAG-terminating genes are
supplied /in trans as TAA-terminating alleles in the presence of an amber suppressor tRNA
[9-11]. Thus, a defined set of genetic manipulations in £. coli might afford an efficient
system for incorporating phosphoserine at engineered UAG codons.

In this study, we present a strategy for enhanced translational insertion of Sep by the SEP-
system. A derivative of the MG1655 E. colistrain harboring TAG-to-TAA genomic
recoding at seven essential TAG-terminating genes (/da, lolA, lpxK, coaD, mreC, murF,
and AemA) was constructed to permit the deletion of the pr£A gene [9]. In this new genetic
context, genetically encoded Sep insertion was significantly enhanced by converting the
UAG stop codon to a sense codon for phosphoserine.

2. Materials and Methods

2.1. Generation of a partially recoded RF-1 knockout strain

The sequences of oligonucleotides used in this study are listed in the supplementary material
(Table S1). The strains in this study were generated from a modified £. co/i MG1655 strain
(ECNR2: E. coli MG1655 A mutS.catA (ybhB-bioAB):[IcI857A (cro-ea59).tetR-bld]) [12].
The following modifications were made to ECNR2 and are described in greater detail in the
supplementary material. The TAG stop codons terminating seven essential genes were
recoded to TAA in ECNR2 with mutagenic oligonucleotides by multiplex automated genome
engineering (MAGE) [12]. The gene encoding RF-1 (prfA) was replaced by the
spectinomycin resistance gene (spec”) to generate rEc7AprfA. The native fo/C gene [13]
was deleted to generate rEc7 A prfAA tolC and subsequently reintroduced within the b/a
locus to generate rEc7 A prfAA tolC.bla:tolC. A cassette encoding T7 polymerase was
integrated within the b/alocus, replacing fo/Cto create rEc7AprfAAtolC.bla:T7.
Phosphoserine phosphatase (serB) was disrupted with a premature stop codon [2]. The SEP-
system was introduced to generate ECAR7.SEP [2] (Table S2). Alternatively, suppression of
TAG codons with glutamine was enabled by transformation of ECAR7 with pGFIB-supE to
generate ECAR7.supE.
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Growth curves were obtained using a Biotek Synergy HT Plate reader. All strains were
grown at 34°C in 150 pL of LB medium supplemented with 2 mM Sep, 50 pL IPTG and
antibiotics for plasmid maintenance where indicated. Growth media was inoculated with
pre-cultures to an initial Aggg of ~0.1 and Aggg Was measured at ten-minute intervals for 27
hours. All data were obtained in triplicate and averaged to construct a representative growth
curve for each strain. Doubling times were calculated in triplicate and averaged to obtain
representative values for each strain.

2.2 Plasmids and strains for incorporation of Sep

3. Results

Plasmids and methods for Sep incorporation have been described previously [2]. Sep
incorporation into recombinant reporter proteins green fluorescent protein (GFP) and mouse
serine/threonine protein kinase (WNK4) was monitored in the newly created strain ECAR7,
as well as the previously published strains of £. co/iBL21 (Table S2) [2].

C-terminally His-tagged GFP under the control the Py teto promoter was subcloned from
pZE21G [14] and blunt-end cloned into pCR®-Blunt 11-TOPO (Invitrogen). The kanamycin
resistance cassette was deleted from the resulting construct by digestion with Bsal and RsAl
followed by blunting of the sticky ends and religation. Codons encoding residues E17, Y66,
Q94, E132, E142, Q157, S202, S205, E213 and E222 were mutated to TAG using the
QuikChange site-directed mutagenesis kit (Agilent) to yield single or double TAG sites
within the protein.

The C-terminal regulatory domain (amino acids 1000-1222) of mouse WNK4 was used to
test translational phosphoserine incorporation in a mammalian protein. The vector PCR T7/
NT-TOPO was modified by replacing the multicloning site with P i0-GFP from pZE21G
[14]. An extra copy of the Tet-repressor was also introduced [14,15]. The P to-GFP Kpnl
and Hinadlll were used to replace GFP with the WNK4 construct. The corresponding serine
codons, S172 and S199, were reassigned to TAG by QuikChange to create coding sequences
for mutants containing one or two TAG codons, respectively. Detailed methods can be
found in supplementary materials.

3.1 Phosphoserine incorporation imposes a severe growth phenotype in wild type and
RF-1 deletion strains

In this study, we sought to identify important factors that enable enhanced production of
site-specific phosphorylated proteins in engineered strains of £. coli. We hypothesized that
several classes of modifications would collectively increase the efficiency of site-specific
phosphoserine incorporation in the ECNR2 strain of £. co/i[12,16]. First, we performed
targeted TAG codon reassignment to the synonymous TAA codon across seven annotated
essential genes [9,17]. ECNR2 was used as the parent strain because it allows the use of
MAGE for targeted, seamless and efficient genetic modifications directly at each genomic
locus (Fig. 1 A and B) [12,16]. Seven codon reassignments were performed at their natural
positions of seven essential ORFs (coaD, hda, hemA, mreC, murF, lolA, and JpxK) via
MAGE and verified by MASC-PCR as described previously (Fig. 1B) [16]. These seven
TAG-to-TAA codon reassignments were introduced to re-direct chain termination of these
stop codons from RF-1 to RF-2. Consistent with prior work, we sought to determine if these
seven reassigned codons enabled us to delete the prfA gene, which encodes for the release
factor 1 protein (RF-1) [9]. Specifically, these modifications allowed for the replacement of
PrfA by a spectinomycin resistance gene (spec”). Successful replacement was demonstrated
by PCR with primers binding within and adjacent to the pr7A site (Fig. 1C and D). Prior
studies have shown that the RF-1 deletion either requires reassignment of at least seven
TAG codons to TAA stop codons and [10,11,18] modifications to RF-2 [7,8]. Since
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mutations to RF-2 could have unexpected secondary effects, such as broadening its ability to
include TAG termination, we decided to leave RF-2 unaltered and focused on the recoding
of TAG codons to TAA codons in the genome to delete RF-1.

Next, we introduced a series of genetic and translational modifications (supplementary
figures S1-S4) to permit site-specific incorporation of phosphoserine at in-frame TAG
codons [2] (Fig. 1A). These modifications included introduction of a nonsense mutation in
the phosphoserine phosphatase gene (serB) by a mutagenic oligonucleotide. All genomic
alterations were verified by PCR amplification at the genetic locus for each modification and
are depicted in Figure 1A. The resulting strain was termed ECAR7 and was transformed with
either a plasmid containing a natural suppressor tRNA supE [18] or the phosphoserine
incorporation system (SEP-system) [2] to yield ECAR7.supE or ECAR7.SEP, respectively.

To investigate the cellular fitness of the recoded E. coli strains, we obtained growth curves
for all of the strains and calculated their respective doubling times (Table 1, Fig. 2). While
recoding of seven TAG stop codons to TAA had no effect on the growth phenotype (79 min
(EcNR2) and 82 min (rEc7) doubling time), the RF-1 knockout (rEc7.5prfA) strain showed
a 1.6 fold increase in doubling time to 134 minutes. All further modifications did not have
an impact on the growth phenotype (Fig. 2; Table 1).

We next investigated whether the growth defect imposed by RF-1 deletion can be restored
by introducing the suppressor tRNA supE, as described previously [11]. We used tRNA-
scanSE [19] to verify that ECAR7Y does not encode an annotated natural amber suppressor
tRNA [20]. When the suppressor tRNA supE was supplied /in trans, ECAR7.supE displayed
a similar doubling time but demonstrated enhanced viability by reaching a higher final OD
(Table 1, Fig. 2). These results indicate that a suppression system for glutamine can partially
rescue the RF-1 induced phenotype. These results suggest that syp£ permits glutamine
incorporation at a subset of natural TAG stop codons that relieves ribosomal stalling and
results in the production of elongated proteins, which we posit maintain function.

Next, we investigated fitness and viability of ECAR7.SEP and two BL21-derived strains
(BL21.SEP and BL21.L11C.SEP) upon introduction of the SEP-system. Overexpression of
the L11C mutant ribosomal subunit has been shown to decrease RF-1 activity [21]. A
striking reduction in fitness and cell viability were observed (Table 1, Fig. 2). The doubling
time for ECAR7.SEP was reduced 2.8 fold to 379 minutes. The maximum optical density
reached under these conditions was Aggp=0.3, which is a 2.6 fold decrease compared to
EcAR7Y. Thus, while the pleiotropic effects associated with RF-1 deletion can be
compensated by suppression of TAG with glutamine, Sep incorporation places an additional
burden on the cell. We observed a similar phenomenon for BL21.SEP and BL21.L11C.SEP,
where doubling times increased upon induction by 1.33 and 1.4 fold respectively, and final
cell densities decreased (Table 1).

3.2 Phosphoserine is incorporated into the proteome in response to native UAG codons

While the incorporation of unnatural amino acids into recombinant proteins has been widely
studied [22], the global effect of an amber suppressor system on the host proteome has only
been considered recently [7,11,16]. Here, we observe that ECAR7.SEP has a significant
growth defect upon induction of the Sep expression system. We hypothesize that widespread
Sep incorporation at endogenous TAG codons partially explains the reduced phenotype.
Total proteins from IPTG- induced ECAR7.SEP strains were isolated, digested with trypsin,
subjected to large scale phosphopeptide enrichment, and analyzed with LC-MS to directly
measure Sep incorporation in the natural proteome. Analysis of both phosphopeptide and
non-phosphopeptide fractions of the ECAR7.SEP proteome identified approximately 1,100
E. coli proteins with 82 TAG [16] containing open reading frames identified. We
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investigated the genomic context of several of the most abundant TAG containing ORFs in
our proteome data and identified a region of the /uxS gene (encoding S-ribosylhomocysteine
lyase) that could produce a detectable tryptic phosphopeptide upon TAG suppression with
Sep (Fig. 3A). We predicted that the LuxS protein would be extended by a total of eight
amino acids followed by natural termination at a second downstream TAA stop codon (Fig.
3A). The peptide LGELHISPSVNYLHN was indeed observed and phosphoserine insertion
at the amber codon was unambiguously identified in the enriched phosphopeptide fractions
of the £. coliproteome (Fig. 3B). We then repeated this experiment and used label free
quantitation to examine the abundance of the Sep-extended LuxS peptide in strains BL21,
BL21.SEP, BL21.L11C.SEP, and ECAR7.SEP. As expected, no Sep-extended LuxS peptide
was detected in BL21. WT cells without the SEP-system (Fig. 3C, blue). However, the
peptide was readily detected in both BL21.SEP (red) and BL21.L11C.SEP (pink) with the
total peptide yields slightly increased by the overexpression of the ribosomal subunit L11C.
L11C overexpression was previously shown to quantitatively enhance recombinant Sep
protein production [2]. We also observed a striking increase of Sep-mediated /uxS
suppression in the ECAR7.SEP strain (Fig. 3C, black). These results provide direct evidence
of Sep insertion at a native TAG site in an unmodified £. colilocus and suggest that other
sites are open to Sep suppression and global proteome extension. Furthermore, the dramatic
increase in Sep-extended LuxS protein production showed that our engineering strategy had
indeed boosted the efficiency of genetically encoded Sep insertion at amber codons.

3.3 Phosphoserine incorporation is enhanced in a RF-1 deletion strain

We investigated the efficiency of Sep incorporation in the ECAR7.SEP strain in detail by
examining the efficiency of UAG read-through directly compared to our previously reported
BL21 strains [2]. We introduced TAG codons in various positions in plasmid-encoded GFP
(Fig. 4). These constructs were then transformed into ECAR7.SEP, ECAR7.supE, BL21 and
BL21.L11C.supE. Western blot analysis of GFP with an N-terminal antibody enabled
analysis of read-through of the UAG codons. As depicted in Figure 4A, panel 1, no full
length GFP is detected in BL21 without a functional UAG suppressor system. The
combination of supEand Q94TAG or Q157TAG was selected to examine UAG suppression
without changing the amino acid at the position of the UAG in GFP. Using this strategy we
clearly showed that while sypE£ can function effectively in BL21, the suppression efficiency
is dramatically enhanced in the ECAR7 background (Fig. 4A). After confirming that UAG
codons were converted to sense codons in ECAR7 we next examined the efficiency of Sep
insertion in this strain. The same GFP variants were expressed in ECAR7.SEP and, while
Sep insertion at Q157 was equivalent in expression to WT GFP, Q94TAG was non-
permissive to Sep insertion. These results contrast the expression of the same constructs in
BL21.L11C.SEP. While Q157TAG was more permissive than Q94TAG in
BL21.L11C.SEP, the efficiency of Sep insertion was dramatically reduced and truncated
products could easily be detected. These data demonstrate that Sep insertion is competing
with RF-1 in BL21.L11C.SEP and enhanced in the RF-1 deficient background of
ECAR7.SEP. These data suggest that Sep insertion at Q94TAG might destabilize GFP and
result in protein degradation. Similar results have been described in studies that have aimed
to introduce unnatural amino acids into GFP [7].

Next, we expanded our screen to find other Sep-permissive sites in GFP (Fig. 4B). We
reasoned that glutamate residues in GFP might be more permissive to Sep insertion, but
surprisingly found only two of the five glutamate positions tested (E17 and E142) tolerated
Sep insertion (Fig. 4B). This result was interesting since glutamate is often used as a
phosphoserine mimetic [2], however, we observed glutamate sites that did not permit
phosphoserine insertion (E132, E213, and E222). This will be investigated in future studies
and could be due to a number of factors that include, protein instability, steric hindrance, or
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charge incompatibility. Our small scale screen identified 3 out of 10 amino acid positions in
GFP that can be efficiently replaced with Sep. ldentifying several permissible Sep sites in
GFP allowed us to further examine the production of recombinant phosphoproteins in the
ECAR7.SEP strain.

Our previous work demonstrated that multiply phosphorylated proteins had extremely low
yields (~1 ug/L) in the BL21.L11C.SEP strains [2]. In contrast, the ECAR7.SupE strain
showed highly efficient suppression of two in frame UAG codons (Fig. 4A). This suggested
that multiply phosphorylated proteins might show a similar translational efficiency in
EcAR7.. We found that the combination of two permissible Sep sites (Q157 and E17) was
efficiently translated to produce a doubly phosphorylated GFP protein (Fig. 4B). This result
was in stark contrast to the very low level of Q157/E17TAG expression in BL21.L 11C.SEP.
Interestingly, the combination of the non-permissible Y66 and E213 sites with Q157
rendered the entire GFP unstable. We overexpressed and purified various phosphoserine
containing GFPs on a larger scale and found the yield was approximately 0.23 g/L culture
for E213TAG, 1.1 g/L for EL17TAG, 6.6 g/L for E17/Q157TAG and 31 g/L for WT. In
general, yields for singly and doubly phosphorylated GFP proteins were 10 fold greater in
EcAR7.SEP when compared to yields from the BL21.L11C.SEP strain. Finally, we
validated Sep insertion at GFP Q157TAG, E142TAG, and E17TAG (Figure 4C) with mass
spectrometry. Sep insertions at all three sites could be unambiguously identified.

One important application of our Sep-expression system is to study physiologically relevant
protein phosphorylation [2]. Furthermore, we wondered if phosphoserine insertions at
naturally phosphorylated sites might be more permissible and contrast to the general
impermissibility of phosphoserine insertion across GFP (Fig. 4A and B). To examine this
directly we expressed an important switch domain of the mouse serine/threonine kinase
WNK4. WNK4 acts as a molecular switch that can vary the balance between NaCl
reabsorption and K* secretion to control blood pressure in humans [23-26]. Two
phosphoserine residues have been implicated in the physiological regulation of WNK4 and a
system to produce this phosphoprotein could enable new types of research into its function.
We expressed recombinant WNK4 proteins containing either one or two phosphoserine sites
and observed variable expression levels in BL21.SEP and very low levels of multiply
phosphorylated protein (Fig. 4C). In contrast, singly and multiply phosphorylated proteins
were produced at very similar levels in ECAR7.SEP. However, expression of the WT protein
was higher in BL21.SEP and, in general, the level of phosphoserine containing protein was
lower. This shows that addition of chaperones or further genetic modifications to increase
fitness might be required for some recombinant proteins.

4. Discussion

4.1 Efficiency of phosphoserine incorporation increases in a RF-1 knockout strain

In this study we aimed to enhance the incorporation efficiency of phosphoprotein
production. Several methods for RF-1 knockout have been published recently [7,8,10,11]
and we sought to combine these advances with newly developed methods of genome
engineering (i.e., MAGE) to reassign the previously described essential TAG stop codons to
synonymous TAA codons [10,12]. Our results show that a RF-1 deletion strain prevents
premature stopping at the TAG codon and improves yields of phosphoprotein production in
strains that harbor deficiencies in both fitness and viability.

In the resulting strain ECAR7 we were able to produce large amounts of phosphoprotein in
GFP and the eukaryotic WNK4 phosphoprotein compared to the previously used strains
BL21.SEP and BL21.L11C.SEP. Specifically, phosphoserine incorporation at a single TAG
site yielded a 48 fold increase in protein yield (e.g. 1.2 mg/L culture for GFP E17TAG
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compared to 25 pg MEK1SEP /Liter culture in BL21.L11C.SEP) [2]. In WNK4, no
reduction in protein yield was observed upon introduction of one or two TAG sites,
respectively. The newly created strain ECAR7.SEP is thus a highly useful tool in
phosphoprotein production and could be employed to investigate the function of single
phosphoserine sites (e.g., WNK4) as well as other unnatural amino acids [22].

4.2 Phosphoserine is incorporated into the natural proteome and leads to reduced cell
fitness and viability

While we were able to improve overall phosphoprotein yield up to 120 fold, the deletion of
RF-1 and especially the introduction of our phosphoserine incorporation system had a major
effect on strain viability (see Fig. 2). Interestingly, some of the growth phenotype of the
release factor deletion could be rescued upon introduction of a natural suppressor tRNA,
which allows for incorporation of glutamine in response to UAG, as previously described
[11]. However, Sep incorporation had a deleterious effect on the host cell. Taken together,
these results suggest that the striking loss in cell fitness is most likely the result of Sep-
induced synthetic peptide chain extension at native UAG sites, as demonstrated by the
incorporation of phosphoserine into the final peptide of LuxS. It is possible that some
proteins may be able to tolerate extensions with glutamine incorporation, while the
significant negative charge that accompanies phosphoserine may lead to misfolded or
dysfunctional proteins. While the reassignment of seven TAG stop codons to TAA codons
permitted the deletion of RF-1, more codon reassignments will be required to further
increase phosphoserine incorporation and to compensate for the introduction of an unnatural
amino acid (e.g., highly negatively charged phosphoserine) at a dedicated TAG sense codon
without suffering loss of cellular fitness [16].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RF-1
RF-2

SepRS
WNK 4

MAGE

release factor-1 (prfA)

release factor-2 (prfB)
phosphoseryl-tRNA synthetase
Serine/threonine-protein kinase WNK4
phosphoserine

Multiplex automated genome engineering
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Fig. 1. Construction of ECAR7

(A) Genomic locations of seven essential genes where the stop codons were recoded from
TAG to TAA (green). Additional genomic modifications are shown in red. (B) Verification
of TAG-to-TAA recoding at seven essential genes, using multiplex allele specific PCR. (C)
Illustration of the genomic context of prfA and its replacement with a gene that confers
resistance to spectinomycin. Primers that were used to scrutinize prfA for successful
integration of spec” are indicated with arrows and color-coded for reference in (D). (D)
Replacement of prfA with spec”. Three unique primer pairs were used to verify successful
speck integration at the prfA locus by PCR. All reactions were performed using a forward
primer that anneals upstream of prfA (within AemA), and are distinguished by the use of a
unique reverse primer depicted above the image and color-coded for reference in (C).
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Fig. 2. Cellular fitness
Growth curves were obtained in triplicate in LB-Medium containing 2 mM phosphoserine
and 50 uM IPTG. A representative growth curve is depicted.
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Fig. 3. Natural UAG codon suppression in luxS monitored by mass spectrometry

A) The genetic context of the /uxS gene is shown. Suppression of the natural amber stop
codon (tag=red) with phosphoserine (SF) is predicted to extend protein synthesis to the next
in-frame non-amber stop codon (taa). B) Annotated tandem MS spectra and sequence
coverage (y and b ions) for the predicted phosphopeptide LQELHISPSVNYLHN from LuxS
detected in ECAR7.SEP. Fragment ions ([M+2H]2* precursor = 873.914) showing neutral
losses consistent with phosphorylation are indicated with a P in the sequence coverage map.
C) Extracted ion chromatograms of the same peptide across multiple £. coli strains
demonstrating improved suppression in the recoded strain. Total ion chromatograms of each
experiment demonstrate equal loading (inset).
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Fig. 4. Recoding of TAG to a sense codon

(A) BL21 and ECARY strains containing either a suppressor tRNA (supE) or the SEP-system
(SEP) were transformed with plasmids encoding WT GFP, GFPQ94TAG, GFPQ157TAG or
GFPQ94/Q157TAG, respectively. Western blots using the antibody against the N-terminus
of GFP are shown (* indicates a nonspecific band). (B) ECAR7.SEP and BL21.L11C.SEP
were transformed with plasmids containing GFP-variants encoding TAG at the various
positions indicated. A range of site specific truncations that accumulate in BL21.L 11C.SEP
are indicated by a bracket (* indicates a nonspecific band). (C)ECAR7.SEP and
BL21.L11C.SEP were transformed with plasmids harboring WNK4-WT and WNK4-TAG-
containing variants as indicated. Western blot against the C-terminal His-tag are shown. (D)
MS/MS validation of Sep insertion at E17TAG. Fragment ion spectra ([M+3H]3* precursor
= 897.452) showing characteristic neutral losses consistent with phosphoserine (SP) allowed
unambiguous assignment of phosphoserine at position 17 in GFP.
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Doubling times and maximum optical density of various strains grown in LB supplemented with 2 mM

Table 1
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phosphoserine, 50 LM IPTG and required antibiotics. Doubling times and standard deviations were obtained
from at least three independent growth curves.

Strain Doubling Time (minutes) Maximal A600
MG1655 71.06 +0.74 1.90 + 0.06
EcNR2 79.37 £0.80 1.72 +0.08
rEc7 82.29+2.53 1.92 +0.06
rEc7.8prfA 134.44 +2.59 0.77 £0.03
EcAR7 136.75 + 2.06 0.56 +0.02
EcAR7.SEP 379.41+3.43 0.30 £0.01
ECAR7.supE 132.38 £ 0.52 1.16 £ 0.04
BL21.WT 81.81+1.38 1.81+0.03
BL21.SEP 114.11+2.85 1.34+0.04
BL21.L11C.SEP 104.66 +5.34 1.66 +0.03
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