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A bacterial homolog YciH of eukaryotic
translation initiation factor elF1 requlates
stress-related gene expression and is unlikely
to be involved in translation initiation fidelity
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YciH is a bacterial protein, homologous to eukaryotic translation initiation factor elF1. Preceding evidence obtained
with the aid of in vitro translation initiation system suggested that it may play a role of a translation initiation factor,
ensuring selection against suboptimal initiation complexes. Here we studied the effect of Escherichia coli yciH gene
inactivation on translation of model mRNAs. Neither the translation efficiency of leaderless mRNAs, nor mRNAs with
non AUG start codons, was found to be affected by YciH in vivo. Comparative proteome analysis revealed that yciH
gene knockout leads to a more than fold2- increase in expression of 66 genes and a more than fold2- decrease in the
expression of 20 genes. Analysis of these gene sets allowed us to suggest a role of YciH as an inhibitor of translation in a
stress response rather than the role of a translation initiation factor.

Introduction

The ribosome, a machine for protein biosynthesis, is one of
the most conserved macromolecular complexes in the cell. While
the elongation phase of protein synthesis is organized in a similar
way in bacteria and eukaryotes, the mechanisms of translation
initiation are drastically different."? In bacteria, initiation factors
1, 2 and 3 (IF1, IF2, IF3) are sufficient to facilitate initiator
fMet-tRNA{M binding to the mRNA-programmed 30S ribo-
somal subunit and subsequent 50S subunit joining.>* In a
eukaryotic cell, a wider set of translation initiation factors is
employed.

Several initiation factors reveal significant sequence and struc-
ture similarities between bacterial and eukaryal translation
machineries. Eukaryal elFla (SUI1) and elF5B are homologues
of bacterial IF1 and IF2.>° No sequence homology between bac-
terial IF3 and any eukaryal initiation factors could be found;
however, experimental evidence is available that eIF1 fulfills the
same function in eukarya.%9 Genomes of some, but not all, bac-
terial species such as enterobacteria and cyanobacteria encode a
homolog of elF1.” While the significant sequence,” and struc-
tural'® similarity, between eIF1 and its bacterial homolog YciH
is undisputable, the functional similarity is less clear. YciH was
previously demonstrated to prevent initiation complex formation
on mismatched initiation codons and serve as a functional, albeit
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less efficient, substitute of elF1 iz vitro,’ although its in vivo sig-
nificance was unknown. In this work we analyzed an influence
which yciH gene inactivation has on translation in bacteria.

Results

Influence of YciH on translation efficiency of model mRNAs
in vivo

The YciH gene is present only in a subset of bacteria’ and is
not essential,’’ at least at the 37°C in the rich media.'"'* We
used an Escherichia coli ]W1274 strain from Keio knockout col-
lection'! with an inactivated yciH gene to investigate functional
significance of this putative translation initiation factor. Previous
in vitro data suggested that the function of YciH is similar to that
of TF3 (albeit less efficiently) in that it performs disassembly of
initiation complexes formed at AUG codons located at 5 mRNA
terminus or at internal non-AUG initiation codons. In contrast
to IF3, as was demonstrated in previous experiments iz vitro,
YciH could not dissociate 70S ribosomes into ribosomal
subunits.”

To test the influence of YciH on translation initiation from
leaderless mRNA and non-AUG initiation codons iz vive, we
used a set of reporter plasmids, encoding 2 fluorescent proteins,

RFP (531/595 nm) and CER (430/486 nm) with readily
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distinguishable spectral properties.13 In each plasmid, the RFP
gene is identical and used as an internal control, while the CER
fluorescent protein gene has variable translation initiation sites.
In the first set of constructs (Fig. 1A) RFP and CER fluorescent
proteins are encoded on a separate mRNAs transcribed from
identical promoters. CER mRNA is leaderless or contain 5"UTRs
with variable Shine-Dalgarno sequence or variable start codons
(Fig. 1A, left panel; Table S1)."* All these plasmids were trans-
formed into the strain with an inactivated yciH gene and in the
isogenic parental strain. The translation efficiencies of leaderless
mRNA and mRNAs containing non-AUG codons were demon-
strated not to depend on YciH presence (Fig. 1A, right panel).
Similarly, we transformed a AyciH strain and the wild-type strain
with a set of plasmids that contained variable lengths of the
Shine-Dalgarno sequence, starting with the 6 nucleotide and
ending by a complete lack of complementarity to the 16S rRNA

/-end region (Fig. 1A, left panel).14 Again, no significant

difference was detected between the translation efficiency in
either the presence or absence of the functional yciH gene
(Fig. 1A, right panel). Introduction of a hairpin14 into variable
positions of mRNA (Fig. 1A, left panel) affected translation effi-
ciency dramatically (Fig. 1A, right panel), but the presence of
YciH had no influence on translation efficiency of any tested
model mRNA.

In bacteria, translation initiation could follow translation ter-
mination at the preceding open reading frame of an operon. Fre-
quently, open reading frames can even overlap by 1 or 4
We tested whether YciH could play a role in trans-
lation reinitiation on polycistronic mRNAs which have both

nucleotides.

RFP as a first cistron and CER as a second cistron on the same
transcript (Fig. 1B, left panel; Table S1).' No influence of
YciH on the efficiency of re-initiation was observed (Fig. 1B,
right panel). A model of natural translation initiation site of the
infC gene, starting from a non-canonical AUU codon,'® was also
utilized with nearly the same efficiency

in the wild type strain, and the strain
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Influence of YciH on the proteome
of the cell

We did not find any significant influ-
ence of YciH on translation efficiency of
model monocistronic mRNA that differ
by 5'UTR length, secondary structure,
length of the Shine-Dalgarno sequence,
initiation codons, as well as a set of
model bicistronic mRNA. To investi-
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gate the influence of YciH on the pro-
tein composition of the cell we
compared total proteomes of the AyciH
strain and the parental strain, possessing
an intact yciH gene. A label free quanti-
tative proteome analysis revealed a set of
proteins that were up- and down-regu-
lated in the AyciH strain (Table S2).

While a quantity of only 20 proteins

was diminished more than twice upon
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Gene ontology (GO) term alnalysis17 of
genes downregulated in the AyciH strain
revealed a response to heat (p-value
3.107?), a response to stimulus (p-value

3.1077), a response to stress (p-value

4-107%), and a single organism catabolic

Figure 1. Efficiency of model monocistronic (A) CER mRNA translation relative to the control RFP
mRNA translation efficiency or second cistron CER relative to control first cistron RFP in CER-RFP bicis-
tronic (B) mRNA in the wild type strain (white bars) and AyciH strain (black bars). Schematic represen-
tation of mRNA CER is presented on the left panel, while translation efficiencies are shown on the
right panel. All constructs’ designations are indicated next to the schematic representations. Transla-
tion efficiencies of the CER reporter were normalized to the reference RFP construct. Exact values of
relative translation efficiencies are shown next to the corresponding bars.
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process (p-value 6-107°). No common

transcription  or  translation  factor
known to control the genes downregu-
lated in the AyciH strain could be
revealed. Analysis of the genes signifi-

cantly, more than twice, upregulated in
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the AyciH strain, revealed with high confidence relation to trans-
lation (p-value 1.3-107°%) and single organism metabolic process
(p-value 4- 10~%). Common transcription factors affecting a sub-
stantial number of the genes upregulated in the AyciH strain
were found to be DksA (p-value 1079,

AyciH knockout strain (Aggo 0.001) were mixed, and grown for
24 hours at 37 °C in rich LB media. The growth cycles were
repeated 7 times so that at the end of each growth cycle the mix-
ture of the cells from preceding cycle was used to re-inoculate

ArcA (p-value 3-107%) and Fnr (p-value
8-1077). No common features in the ribo-
some binding sites of genes, up- or downre-
gulated in the AyciH strain could be

revealed.

A i

1,6
1,4
12

Influence of YciH on the growth of 1
bacterial culture in rich and poor media

Translation efficiency is of primary value
for the fast growth of bacterial cultures at
optimal growth conditions, while adapta-
tion to restricted nutrition may involve var-
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ious mechanisms of translation regulation. %%
We monitored growth of the wild type and 0
AyciH strains in the rich LB and minimal 0
M9 medium as well as upon a rapid switch

from rich to poor media at mid-logarithmic
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growth phase (Fig. 2A). No difference
between the strains’ growth in the rich
medium was observed, while in the poor
medium the AyciH strain demonstrated
moderate growth retardation relative to the
wild type strain. A growth disadvantage of
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the AyciH strain was also observed upon
rapid transition from the rich to the poor
medium.

To test significance of small observed
difference in growth characteristics we per-
formed a growth competition assay. Equal

o
[
o

numbers of cells of the kanamycin-sensitive

Proporton of AyciH / WT cells
2

parental strain and kanamycin resistant

Figure 2. Influence of yciH on E. coli growth.
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(A) Growth curves of the WT (gray curves) and
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AyciH (black curves) strains. Squares correspond
to the growth in LB rich medium at 37°C, trian-
gles correspond to the growth in M9 poor
medium at 37°C, while circles correspond to the
growth in LB rich medium at 37°C for 120
minutes followed by the substitution of LB by
M9. All curves are marked on the right by the
medium used. A point of LB by M9 substitution
is indicated by an arrow. (B) Growth competition
between the wild type and yciH knockout strains
in the rich LB media. The Y-axis shows the pro-
portion of the yciH knockout strain cells in the
mixture with the wild-type calls (log scale). Each
point corresponds to a 24 hour growth cycle. (C)
Growth curves of the WT (light gray squares),
AyciH (black squares) and WT with plasmid-
bourne yciH (pYciH) superexpression (dark gray 0
circles) strains in LB rich medium at 37°C. Curves
are marked on the right by strain designation.
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Initiator tRNA
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Figure 3. Comparison of elF1 and YciH primary (lower panel) and tertiary (upper panel) structure.
Upper panel presents a superimposition of (I) 48S initiation complex containing 40S subunit, mRNA,
initiator tRNA and elF1A (not included into the presentation) (4KZZ), (Il) PIC2 complex containing 40S
subunit, elF1A (not included into the presentation) and elF1 (4KZY) and (lll) the structure of E. coli
YciH (1D1R). Only parts proximal to the position of elF1 are shown. All components are designated
on the picture. Position of loops 1 and 2 discussed in the text are indicated. Lower panel contains an

YciH does not fulfill a role in maintain-
ing the fidelity of translation initiation in
bacteria. As was suggested in the previ-
ously published reports, this function in
bacteria might be taken over by TF3.”
Recent data on quantitative proteome
analysis of E. coli'” revealed that an aver-
age E. coli cell in a stationary phase con-
tains 6.5 thousand ribosomes, 1
thousand IF1 molecules, 650 IF2 mole-
cules and 2 thousand IF3 molecules. The
same analysis revealed that only 15 mol-
cules of YciH could be found in an aver-
age bacterial cell, obviously not sufficient
to play a role in translation initiation.
Analysis of the ribosome profile data
gives a rough estimation of one order of
magnitude difference between ribosome
density on translation initation factors
and yciH mRNA.***" YeiH is encoded as
a second gene in an operon after the pyrF
encoding orotidine-5"-phosphate
decarboxylase involved in pyrimidine
nucleotide biosynthesis and expressed at

22
gene,

alignment of mammalian (rabbit) elF1 and bacterial (E. coli) YciH proteins.

a level 8 times exceeding that of yciH

fresh media. After each growth cycle the cells were serially diluted
and plated on LB agar plates with or without kanamycin. The
kanamycin-resistant AyciH cell titer relative to the total cell titer
is presented in Figure 2B. Gradual loss of AyciH strain from co-
cultivation mixture with the parental WT strain was observed.

To check the phenotype of yciH overexpression we trans-
formed the wild type strain with the plasmid pCA24yciH.'®
Expression of yciH was induced by IPTG in the rich LB media at
37°C and growth curve was monitored in comparison with
untransformed strain (Fig. 2C). Overexpression of yciH appeared
to retard bacterial growth more than its inactivation.

Discussion

Several lines of evidence published in a scientific literature
suggest a common origin and similar binding site on a ribosome
for bacterial YciH protein and the translation initiation factor
eIF1 of eukaryotes.””'" Previous i vitro experiments revealed
that YciH could partially substitute IF3 or elF1 in selection
against erroneously formed translation initiation complexes on
leaderless mRNA or non-AUG initiation codons.” Testing the
significance of YciH encoded in the E. coli genome for translation
initiation on leaderless mRNA and non-AUG start codons per-
formed in this work failed to reveal any influence of YciH on the
fidelity of translation initiation. No influence of YciH on transla-
tion of model mRNA carrying other specific ribosome binding
site features could be found either. It might be concluded that

www.tandfonline.com

according to the quantitative proteome

analysis'”

or comparable to that of yeiH

as judged from ribosome profile analy-
sis.”%?! The lack of a separate promoter and the absence of any
known regulatory features, such as attenuators separating pyrF
and yciH genes, make it unlikely that ycH could be significantly
upregulated at any specific conditions to reach an expression level
comparable with translation initiation factors.

Despite an obvious structural resemblance between YciH'
and eIF1%’ and the undoubtedly similar binding site on the small
subunit of a ribosome,’ YciH and elF1 structures differ in several
important regions (Fig. 3). YciH lacks a loop 2 corresponding to
aminoacids 77-81 of elF1, intercalating between the D- and
anticodon helices of initiator tRNA (Fig. 3). A loop 1 of elF1
interacting with the anticodon loop of the initiation tRNA®*2° is
appended in YciH by 2 aminoacids. These very parts of elF1
structure were proposed to fulfill its major function of competi-
tion with initiator tRNA fitting to the P-site thus ensuring the
fidelity of start codon recognition. Both loops undergo confor-
mational rearrangements upon start codon recognition,”” leading
to ejection of elF1 from the ribosome.?” In contrast, the elF1
surface that interacts with the ribosome is conserved in YciH. On
the basis of this structural comparison it might be suggested that
the YciH binding site on a ribosome is the same for YciH and
elF1, while a functional interaction with initiator tRNA is spe-
cific to elF1, but not to YciH. The fact that a bulkier loop of
YciH is inserted to a place where the P-site bound tRNA antico-
don is located speaks in favor of YciH possibly being an inhibitor
of translation rather than an initiation factor.

A comparative analysis of proteomes of the wild type and
AyciH strains also suggests an inhibitory role of YciH on

RNA Biology 969



translation. Three times more genes were upregulated then
downregulated upon yeiH inactivation. Genes downregulated
upon yciH inactivation take part in a stress response, while upre-
gulated genes are associated with translation and metabolism. It
may also evidence that YciH is unlikely to play a role in enhanc-
ing translation initiation at normal growth conditions but rather
inhibits translation in stress conditions. Reduced AyciH strain fit-
ness in a state of limited nutrition and lack of growth retardation
in a rich medium also speaks in favor of a function of YciH in
stress response rather than being a translation initiation factor.

Materials and Methods

BW?25141 parental strain®® and JW 1274 strain, carrying kanR
cassette, inserted at the place of yciH gene'' and pCA24yciH
plasmid were kindly provided by Dr. H. Mori.

A set of reporter constructs was used in this study and a proce-
dure for measuring translation efficiency of model mRNAs was
described."* A plasmid encoding a leaderless CER gene was cre-
ated in this study by PCR from pRFPCER plasmid using oligo-
nucleotides: F 5-ATGAAAGAGACGGACGAGAGCGGC-3’
and R 5-GCGGCTATTATACAGAAAAATTTTCC-3'.

Expression of RFP and CER reporter genes was measured by
Victor X5 plate reader (Perkin-Elmer) at wavelengths 531/
595 nm and 430/486 nm after overnight growth in LB media at
37°C at vigorous shaking in a 2 ml 96-well plate.

Growth curves were monitored by automatic Agyy measure-
ment of the cultures growing in the flat bottom 96 well plate
each 1 hour by Janus workstation (Perkin-Elmer).

Proteomic analysis procedure is described in supplementary

methods file.
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