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SUMMARY
Giardia lamblia is a deeply branching protist and a human pathogen. Its unusual biology presents the oppor-
tunity to explore conserved and fundamental molecular mechanisms. We determined the structure of the
G. lamblia 80S ribosome bound to tRNA, mRNA, and the antibiotic emetine by cryo-electron microscopy,
to an overall resolution of 2.49 Å. The structure reveals rapidly evolving protein and nucleotide regions, dif-
ferences in the peptide exit tunnel, and likely altered ribosome quality control pathways. Examination of
translation initiation factor binding sites suggests these interactions are conserved despite a divergent initi-
ation mechanism. Highlighting the potential of G. lamblia to resolve conserved biological principles; our
structure reveals the interactions of the translation inhibitor emetine with the ribosome and mRNA, thus
providing insight into the mechanism of action for this widely used antibiotic. Our work defines key questions
in G. lamblia and motivates future experiments to explore the diversity of eukaryotic gene regulation.
INTRODUCTION

Giardia lamblia is a unicellular protist and the causative agent of

giardiasis.1 Treatment of G. lamblia infection exploits the molec-

ular differences between the pathogen and humans, but resis-

tance to current therapies is increasing.2 A deeply branching

eukaryote within the Excavata supergroup (Figure 1A),G. lamblia

gene expression pathways are often dramatically simplified

or streamlined compared with traditional model systems.3

Exploring the unusual molecular machinery ofG. lamblia requires

fully developing G. lamblia as a model organism to expand un-

derstanding of eukaryotic biological diversity and evolution as

well as possibly suggest new strategies to treat infection.

The mechanism of translation initiation in G. lamblia differs

from traditional eukaryotic model systems. Requiring many eu-

karyotic initiation factors (eIFs), canonical eukaryotic translation

initiation is cap-dependent whereby ribosomes scan through the

messenger RNA (mRNA) 50 untranslated region (50UTR) to locate

the start codon.4,5 In contrast, while mature G. lamblia mRNAs

are capped and polyadenylated, most highly expressed tran-

scripts have 50UTRs that are shorter than ten nucleotides, and

G. lamblia ribosomes likely do not scan.6,7

Consistent with altered mRNA structure, G. lamblia lacks

many almost universally conserved eIFs.8–10 There are no clear
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homologs for eIF4G, and G. lamblia eIF4E2 (its cap-binding pro-

tein) lacks the consensus eIF4G-binding motif;11 it may instead

interact directly with other factors in translation preinitiation

complexes.12 G. lamblia also lacks or has a highly divergent

version of the eIF3a subunit;10 this subunit is usually considered

universally conserved.13,14 In other organisms, the C-terminal tail

of eIF3a tethers the mobile eIF3b/i/g domain, which appears to

be present in G. lamblia. G. lamblia eIF3 also appears to lack

subunits eIF3d, eIF3e, eIF3k, eIF3l, and eIF3m,10 several of

which have been found to bind eIF4A and/or eIF4G. Together,

these differences suggest a very different mode of ribosome

recruitment compared to other eukaryotes and raise the ques-

tion of whether there are corresponding changes in the

ribosome.

TheG. lamblia ribosome itself differs from that of other eukary-

otes. Its ribosomal RNA (rRNA) is the shortest of any known

eukaryote except for a few microsporidia, even shorter than

that of E. coli.15 G. lamblia rRNA also is notably depleted of A

and U bases,16 although little is known about how its base

composition affects ribosome structure. At the same time, G.

lamblia ribosomes have a nearly complete set of eukaryotic ribo-

somal proteins (r-proteins),8 thus they could be described as an

amalgam of bacterial and eukaryotic ribosomes. Thus, structural

studies of theG. lamblia ribosome are an essential step to define
ed by Elsevier Ltd.
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Figure 1. Architecture of the G. lamblia 80S ribosome

(A) Schematized version of eukaryotic evolutionary tree with several of the protozoan branches. Species with solved ribosome structures are indicated with a dot.

Protozoan species are highlighted in salmon. Names of species discussed here are in blue, except for G. lamblia, which is in red. Branch lengths are not drawn

to scale.

(legend continued on next page)
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