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ABSTRACT

In a recently published paper, Huang and coworkers claim that proteins translated in different reading frames from the
samemRNA can have similar functions. This conclusion is possibly incorrect due to the possibility that thewild-type protein
could still be expressed.
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In the recently published paper (Huang et al. 2020), the
authors argue that several proteins, including bacterial tox-
ins and one cellular enzyme, retain their activity even when
translated frommRNA in (−1) or in (+1) frame (Huang et al.
2020). This is an extraordinary claim that challenges the
main principles of genetics and the key concept of molec-
ular biology that the structure of a protein determines its
function.
The authors reached their conclusions by deleting one

or two nucleotides from the start codons of the studied
genes and testing the activity of the resulting products. If
the original activity was retained, it was attributed to the
protein product being translated in either the (−1) or (+1)
frame—a rather exciting assertion. However, in my view,
there is a much simpler and less revolutionary explanation
for the seemingly paradoxical results presented in the
paper.
Let us consider the gene of themembrane-permealizing

19-amino acid long toxin IbsC, which is the main target of
the study. The ibsC gene starts with two AUG codons
(Fig. 1) of which the first AUG triplet is presumably the au-
thentic start codon (Fig. 1). Even if the first AUG codon is
disrupted by deleting one or two nucleotides, it is highly
likely that the active toxin would be efficiently expressed
in the 0-frame from the second in-frame (!) AUG codon
and will simply lack one of the two amino-terminal methi-
onine residues, a mutation which is known to have no ef-
fect on the toxin function (Mok et al. 2010). None of the
mutations presented in the paper of Huang et al. would

disrupt the expression of the 0-frame IbsC product. Even
when the toxin gene was appended after the gfp-coding
sequence, presumably leading to expression of a GFP-
IbsC fusion, the active toxin could still be individually trans-
lated because at least its second AUG codon remained in-
tact in all the fusion constructs.
The same interpretation likely applies to the other

“frame-shifted” examples presented in the paper. The
claimed (+1) frameshift in the dinQ gene preserves the ac-
tivity of the encoded toxin not because the alternative
frame product is active, but because deletion of A of the
AUG codon of the dinQ gene generates a GUG codon
(Fig. 1), which is nearly as good a start codon as AUG. Sim-
ilarly, the 1 or 2 nt deletions within the start codon of the
toxin gene tisB preserves the toxin activity not because
of the similar activity of the (+1) frame or (−1) frame prod-
ucts, but because in the mutant, translation of the 0-frame
product would start at UUG or GUG, both of which are
known to be used for translation initiation in E. coli (Gua-
lerzi andPon2015;Meydanet al. 2019).Consistently,when
mutations made 0-frame translation impossible (e.g., toxin
genes ghoT or pndA), no active product was expressed
from the mutant constructs.
In the most striking example presented in the paper, a

78-amino acid enzyme dihydrofolate reductase, DfrB3,
from trimethoprim resistant Klebsiella species (Radstrom
et al. 1994) is claimed to retain its activity when its gene
is translated not only in 0-frame, but also in (−1) or (+1)
frame. However, once again, deletion of A of the AUG start
codon would generate an alternative in-frame start codon,
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UUG, and deletion of AU of the start codon would simply
restore the 0-frame AUG codon. Thus, none of the suppos-
edly frameshifting mutations would likely prevent the ex-
pression of the 0-frame product. The authors show that
removal of the stop codons found in the dfrB3 in the (−1)
and (+1) frames and adding the appropriate start codon
not only preserve trimethoprim resistance, but make pos-
sible expression and even purification of the frameshifted
protein product. These manipulations, however, would
not preclude the expression of the 0-frame DfrB3 protein
which likely accounts for the observed effects.

In conclusion, because in none of the tested constructs
the authentic site of translation initiation was determined,
the currently available data presented by Huang et al. can
be interpreted in a simple way that does not require the re-
vision of the basic principles of genetics.
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FIGURE 1. None of the mutations claimed to lead to the production
of the alternative frame products prevent the translation of the
0-frame protein. The coding sequences are shown in red with the
wild-type start codon in bold. The upstream sequences are in black
with the putative Shine-Dalgarno sequences shown in bold charac-
ters. Nucleotide deletions are shown by dashes. Putative translation
start sites in 0-frame are indicated by arrows.
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