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We have previously identified and characterized two novel nuclear RNA binding proteins, p34 and p37, which
have been shown to bind 5S rRNA in Trypanosoma brucei. These two proteins are nearly identical, with one
major difference, an 18-amino-acid insert in the N-terminal region of p37, as well as three minor single-amino-
acid differences. Homologues to p34 and p37 have been found only in other trypanosomatids, suggesting that
these proteins are unique to this ancient family. We have employed RNA interference (RNAi) studies in order
to gain further insight into the interaction between p34 and p37 with 5S rRNA in T. brucei. In our p34/p37 RNAi
cells, decreased expression of the p34 and p37 proteins led to morphological alterations, including loss of cell
shape and vacuolation, as well as to growth arrest and ultimately to cell death. Disruption of a higher-
molecular-weight complex containing 5S rRNA occurs as well as a dramatic decrease in 5S rRNA levels,
suggesting that p34 and p37 serve to stabilize 5S rRNA. In addition, an accumulation of 60S ribosomal
subunits was observed, accompanied by a significant decrease in overall protein synthesis within p34/p37 RNAi
cells. Thus, the loss of the trypanosomatid-specific proteins p34 and p37 correlates with a diminution in 5S
rRNA levels as well as a decrease in ribosome activity and an alteration in ribosome biogenesis.

Ribosomes are essential in all organisms, and their assembly
is highly conserved and coordinated. Over 100 accessory pro-
teins are necessary in order for proper processing of ribosomal
RNAs and ribosome assembly to occur (8). Ribosomal pro-
teins must be imported from the cytoplasm. The 45S precursor
rRNA must be processed to yield 5.8S, small-subunit (SSU)
(18S), and large-subunit (LSU) (28S) rRNAs. 5S rRNA, which
is independently transcribed within the nucleoplasm, must be
imported into the nucleolus by the L5 ribosomal protein for
ribosome assembly to occur (16). Ribosomal subunits are sub-
sequently exported to the cytoplasm, where the pre-40S ribo-
somal subunit undergoes its final processing step (29). In eu-
karyotes, RNA binding proteins mediate a variety of cellular
activities, including mRNA maturation, trafficking, stability,
and translational control of mRNA as well as having roles in
ribosomal biogenesis (14).

The parasite Trypanosoma brucei and its subspecies cause
human sleeping sickness (T. brucei gambiense and T. brucei
rhodesiense) and nagana in livestock (T. brucei brucei) (31).
These organisms continue to pose a serious threat to human
health and to cause devastating economic losses (1). Little is
currently known about RNA binding proteins and small nucle-
olar RNAs that are involved in rRNA processing and posttran-
scriptional modifications in T. brucei. Two proteins with ho-
mology to 5S rRNA binding proteins in higher eukaryotes, the
La autoantigen and the ribosomal L5 protein, have been iden-

tified in T. brucei (19, 34) A family of nucleolar phosphopro-
teins termed NOPP44/46 proteins have also been identified in
this organism and implicated in large ribosomal subunit for-
mation (12, 20).

We have previously shown that two nearly identical proteins,
p34 and p37, specifically interact with 5S rRNA in both life
cycle stages of this parasite, the insect vector form as well as
the mammalian bloodstream form (23). The interaction of p34
and p37 with 5S rRNA may suggest a role in the regulation of
trypanosome ribosome biogenesis and may represent only one
of the functions of these highly abundant proteins. We have
used double-stranded RNA interference (dsRNAi) (24) de-
rived from p34 and p37 to examine molecular and cellular
aspects of the function(s) of these proteins.

MATERIALS AND METHODS

Cell growth, transfection, and cloning of p34/p37 dsRNAi cells. Procyclic T.
brucei strain 29-13 (kindly provided by George Cross, Rockefeller University),
which contains integrated genes for the expression of T7 polymerase and the
tetracycline repressor, was grown in Cunningham’s medium supplemented with
15% fetal bovine serum (4). Parasites were cultured in the presence of G418 (15
�g/ml) and hygromycin (50 �g/ml) to maintain the T7 polymerase and the
tetracycline repressor constructs, respectively. In the p34/p37 dsRNA construct,
pZJMp34/p37 (kindly provided by Paul Englund, Johns Hopkins University), a
501-bp fragment from the central part of the p34 and p37 coding sequence, was
inserted between two head-to-head T7 promoters under the control of tetracy-
cline operators (32). Transfections were performed by electroporation as de-
scribed previously (32). After 24 h of transfection, cells were sedimented and
resuspended into 20 ml fresh medium, and selection was achieved by the addition
of phleomycin (2.5 �g/ml). After 24 h, cells were diluted 1 to 3 and grown for
about 2 weeks to create stable cell lines. Clonal cell lines were generated by
extreme dilution (11).

For the induction of dsRNA expression, cells were cultured in the above-
described media supplemented with 1.0 �g/ml tetracycline. Growth curves were
determined as the products of cell density and total dilution. Control and exper-
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imental cells were examined microscopically at the end of all experiments to
determine viability, mobility, and morphology. The cellular morphology of wild-
type and p34/p37 RNAi cells at 48 h postinduction was assessed by phase-
contrast microscopy or by microscopic analysis following Giemsa-Wright stain-
ing. Micrographs were obtained using a Nikon microphot-FXA microscope
equipped with a Nikon FX-35DX camera at a magnification of �1,200.

RT-PCR analysis of RNAi cells. At successive time points, aliquots of cell
cultures (4 � 107 cells) were removed and total RNA was isolated using TRIzol
reagent (Invitrogen). Reverse transcription-PCR (RT-PCR) amplification
(THERMOSCRIPT RT-PCR system; Invitrogen) was performed using the T.
brucei miniexon and an internal primer (jz2R), which amplify both p34 and p37
transcripts (35). �-Actin amplification with the same pool of RNA was used as an
internal control (27). Densitometric analysis was performed using a GS-700
imaging densitometer in combination with the Multi-Analyst software (Bio-Rad)
with the corresponding wild type as the reference.

Western analysis of RNAi cells. Following induction of p34/p37 dsRNA, ali-
quots were removed at successive time points, and total cell extracts were pre-
pared (36). Whole-cell protein extracts from 2 � 105 cells were separated by 12%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis followed by Western
blot analysis with antibodies directed against both p34 and p37 proteins (35).
�-Tubulin (Chemicon International) was used as the loading control (35). West-
ern analysis was performed in the linear range for each antibody.

Preparation of nuclear extracts and sucrose gradient analysis. Nuclear ex-
tracts from wild-type or clonal RNAi cells induced by tetracycline for 48 h were
prepared as previously described (23). One milligram of total nuclear extract
protein was layered onto a continuous 10 to 30% sucrose gradient. Following
sedimentation, 28 fractions (400 �l each) were collected (23), and alternate
fractions were subdivided into equal aliquots for Northern and Western analysis.

Analysis of 5S rRNA steady-state levels. Total RNA from wild-type and clonal
RNAi cells (5 � 106) at 48 h postinduction was isolated using TRIzol reagent
(Invitrogen). Serial dilutions (10-fold) were prepared and utilized in Northern
blot analysis (23), and densitometric analysis was performed.

Metabolic labeling of cells. Following growth in methionine-deficient Cun-
ningham’s medium, wild-type and p34/p37 RNAi cells (5 � 107) were labeled in
the presence of 100 �Ci of [35S]methionine/ml culture for 1 h. Cells were
sedimented, washed extensively with phosphate-buffered saline (PBS), and re-
suspended in 1 ml PBS. Following trichloroacetic acid (TCA) precipitation on
ice, material was collected on GF/C filters and washed with TCA and then
ethanol, and radioactivity was determined by liquid scintillation counting (3).

Polysome gradients. Wild-type or p34/p37 RNAi cells (5 � 108 to 1 � 109)
were harvested, resuspended in 5 ml medium supplemented with cycloheximide
(100 �l/ml), and washed with ice-cold PBS-cycloheximide. The resulting pellet
was prepared for polysome analysis (13). Cells were resuspended in 0.75 ml of
buffer A (10 mM Tris-HCl, 300 mM KCl, 10 mM MgCl2, pH 7.4) containing
protease inhibitors (1 mM phenylmethylsulfonyl fluoride, 8.5 �g/ml aprotinin, 50
�g/ml leupeptin, 1 �M pepstatin, 50 �g/ml TLCK [N�-p-tosyl-L-lysine chloro-
methyl ketone], and 10 mM E-64), RNasin (40 U/�l), and 1 mM dithiothreitol.
Cells were lysed by the addition of one-sixth volumes of the same buffer con-
taining 0.2 M sucrose and 1.2% Triton N-101 and homogenized with a Dounce
homogenizer. The lysate was cleared by centrifugation, and the supernatant was
transferred to a fresh tube containing 10 mg/ml heparin (as a generic RNase
inhibitor) and then layered on 10 to 40% sucrose gradient (made in buffer A;
total volume of 10 ml). After a 2-hour centrifugation at 230,000 � g, 500-�l
fractions were collected. The absorbance at 254 nm was monitored using a
Teledyne ISCO UA-6 detector during the collection of fractions. Fractions were
then characterized by Western analysis using p34/p37 antiserum and an affinity-
purified antibody against L5 peptide 296VAAVIERIRDRAK308 (Bethyl Labo-
ratories) in the linear range of detection for each antibody. Fractions were also
characterized by Northern analysis using 5S, 18S, and 28S rRNA probes within
the linear range of detection (23).

RESULTS

Expression of p34/p37 dsRNA resulted in loss of p34/p37
mRNA and protein. Fifteen nonclonal p34/p37 RNAi cell lines
were developed, and two of these (C9 and C10) were chosen
for further development into clonal cell lines. Southern blot
analysis of these cell lines showed that the endogenous p34/p37
gene fragment was observed in both wild-type and RNAi cell
lines. An approximately 500-bp fragment corresponding to the
p34/p37 RNAi fragment was detected only in the RNAi cell

lines and was absent in the parental strain 29-13 cells prior to
transfection (data not shown). These data confirmed that the
construct containing the p34/p37 RNAi fragment was inte-
grated into the genome of T. brucei.

RT-PCR analysis of clonal cell line C9-3 was performed as
described previously (35) (Fig. 1A) to allow us to distinguish
between the p34 and p37 transcript levels. RT-PCR allowed a
clear separation of p34 and p37 mRNA, compared to what was
seen with Northern analysis, since only the 5� end of the tran-
scripts, where the major difference between the p34 and p37
resides, was amplified. Results from RT-PCR analysis showed
that even without the induction of p34/p37 dsRNA expression,
the steady-state levels of both p34 and p37 mRNA were de-
creased modestly (10 to 20%) compared to those for wild-type
cells (Fig. 1A, top, compare lanes 1 and 2). Upon the initiation

FIG. 1. Down-regulation of p34 and p37 in clonal p34/p37 RNAi
cells results in cell death. (A) Total RNA was isolated from T. brucei
and used in RT-PCR with the miniexon primer and an internal primer
that will amplify both p34 and p37 mRNA and distinguish between the
RT-PCR products of p34 and p37 mRNA by size. Lanes: 1, wild-type
(WT) cells; 2 to 5, RNAi cells at 0 days (0d) to 6 days postinduction.
The positions of the p34 and p37 RT-PCR products are shown by
arrows. RT-PCR of �-actin mRNA was performed using the same pool
of RNA as an internal control. (B) Each lane contains cell extract from
2.5 � 106 cells per lane from WT cells (lane 1) or RNAi cells after
tetracycline induction for 0, 2, 4, and 6 days (lanes 2 through 5).
Proteins were separated by 12% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis followed by Western blot analysis with an-
tibody against both p34 and p37. (C) Growth curves for wild-type cells
(solid circles) and clonal cell lines under uninduced (open diamonds)
and induced (closed diamonds) conditions. The cell number was plot-
ted on a logarithmic scale versus the days postinduction of p34/p37
dsRNA expression.
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of p34/p37 dsRNA expression, mRNA levels of both p34 and
p37 were reduced to less than 10% of the wild-type cells by 2
days (lane 3). RT-PCR of �-actin using the same pool of RNA
was used as an internal control and confirmed that the de-
crease in mRNA level is specific to p34 and p37 transcripts
(Fig. 1A, bottom).

Western blot analysis utilizing antibody directed against
both p34 and p37 is shown in Fig. 1B, top. �-Tubulin was
utilized as a loading control (Fig. 1B, bottom). Again, we
observed a modest decrease (10 to 20%) in the expression level
of p34 protein in the RNAi cells, suggesting some leakage in
the RNAi vector at time zero compared to what was seen for
the wild type. After the induction of p34/p37 dsRNA, a rapid
loss of both p34 and p37 proteins was observed (Fig. 1B, lanes
2 through 5). By 2 days postinduction, p34 and p37 protein
levels were nearly undetectable (Fig. 1B, lane 3), and by 4 days,
neither protein was detectable (Fig. 1B, lanes 4 and 5). The
gene fragment that was utilized in the creation of the p34/p37
RNAi cell line overlapped a region within p34 and p37 genes
which contains an RNA binding domain. To verify the speci-
ficity of RNAi to p34 and p37, we confirmed that the levels of
the poly(A) binding protein, which contains several RNA bind-
ing domain motifs, were unaffected in the p34/p37 RNAi cells
(data not shown).

p34 and p37 are essential in T. brucei procyclic cells. Fol-
lowing the induction of p34/p37 dsRNA, growth arrest was
observed within 2 to 3 days, and no viable cells were found at
2 weeks postinduction, whereas uninduced cells showed a
growth rate similar to that of wild-type cells (Fig. 1C). The
observed loss of cell viability correlated with Western blot
analysis showing that neither p34 nor p37 protein is detectable
(Fig. 1B) by 2 days postinduction.

Compared to wild-type cells (Fig. 2A), RNAi cells became
broader, with granules and vacuoles forming inside of the cells
(Fig. 2B and C). Many cells were multinucleated and branched
(Fig. 2B), suggesting problems with cellular division. Finally,
observation of live cells by phase contrast showed that an
increased proportion of cells formed clusters containing from 5
to more than 20 parasites (data not shown). The rate of cellular
movement decreased and the pattern of movement was less
fluid and clearly different from that seen for wild-type cells.

5S rRNA sedimentation in sucrose density gradients is al-
tered in nuclear extracts from RNAi cells. We have previously
shown that p34 and p37 interact with 5S rRNA in a stable
protein-RNA complex (23). Nuclear extracts of clonal RNAi-
expressing cells (2 days postinduction) were separated on 10 to
30% sucrose gradients to determine the effect of decreased
expression of p34 and p37 on complexes containing 5S rRNA.
Results from wild-type nuclear extracts indicated that 5S
rRNA and p34/p37 cosedimented near the middle of the gra-
dient (Fig. 3A, fractions 12 to 22). Western blot analysis con-
firmed that p34 and p37 protein levels present in RNAi cell
extracts were insufficient to be detectable within individual
sucrose gradient fractions (Fig. 3B). Strikingly, the position of
the 5S rRNA signal in the RNAi nuclear extracts dramatically
shifted to the top of the gradient and the intensity was signif-
icantly decreased (Fig. 3B), suggesting that 5S rRNA present
in the p34/p37 RNAi cells was no longer part of a higher-
molecular-weight complex within the nucleus. This shift in the
sedimentation profile and difference in signal intensity was

specific to 5S rRNA and did not occur with either SSU rRNA
(18S rRNA) or LSU rRNA (28S rRNA) (compare Fig. 3A and
B). The sedimentation profile of RNA B, the T. brucei U3
homologue, was not affected in p34/p37 RNAi nuclear extracts
(data not shown).

Loss of p34 and p37 leads to a decrease in 5S rRNA levels.
As indicated above, in addition to the change in sedimentation
from nuclear extracts, we also observed a dramatic decrease in
5S rRNA levels within the p34/p37 RNAi cells. To further
explore this phenomenon, we compared 5S rRNA levels from
equivalent numbers of wild-type and p34/p37 RNAi cells by
use of Northern blots to determine the extent of 5S rRNA loss
(Fig. 4). In all comparative studies, wild-type cells were utilized
as a reference, since some basal level of p34/p37 dsRNA ex-
pression occurred within uninduced RNAi cells. Increasing
levels of total RNA are shown in lanes 1 to 3 for wild-type
samples and in lanes 4 to 6 for p34/p37 RNAi samples. Upon
quantification from four experiments, we found a (25 � 0.42)-
fold decrease in 5S rRNA levels in the RNAi cells compared to
that for wild-type cells. This change was specific to 5S rRNA
and was not seen for LSU rRNA (28S) or SSU rRNA (18S).

FIG. 2. Morphological changes in cells expressing p34/p37 dsRNA.
(A) Micrograph of Giemsa-stained wild-type procyclic trypanosomes.
(B and C) Morphological changes in p34/p37 RNAi cells at 48 h
postinduction.
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Efficiency of protein synthesis is significantly decreased in
p34/p37 RNAi cells. The loss of 5S rRNA combined with the
rapid onset of cell death indicated that a defect in ribosome
function may be occurring. Pulse-labeling with [35S]methionine
was performed to determine whether protein synthesis is af-
fected in the RNAi cells. Equivalent numbers of cells were
utilized in each experiment for comparison of protein synthesis
between wild-type and RNAi cells at successive times of p34/
p37 dsRNA expression induction (Fig. 5). Prior to induction,
protein synthesis levels were as much as 25% below those
found for wild-type cells. By 2 days postinduction, concurrent
with the loss of both p34 and p37 proteins (Fig. 1B), a 42%
decrease in overall protein synthesis compared to that for
uninduced cells was observed, which corresponds to a 57%
decrease from that for the wild-type control. This difference
remained static at days 3 and 4 postinduction. In contrast, the
overall level of protein synthesis in the wild-type cells remained
constant throughout the full 4-day course of the experiment.

Induction of p34/p37 RNAi leads to an alteration in the
sedimentation profile. In order to analyze the effect(s) that the
loss of p34 and p37 may have on the assembly of ribosomes and
ribosome biogenesis, we performed polysome sedimentation
analysis. Cells were treated with cycloheximide prior to lysis to
block translational elongation, thus trapping ribosomes on the
mRNAs. Sedimentation of the lysate on a 10 to 40% sucrose
gradient resolved ribosomal subunits (40S and 60S) as well as
monosomal (80S) and polysomal particles (Fig. 6). Sedimen-
tation profiles from wild-type cell lysates exhibited both 40S

and 60S peaks as well as the predominant 80S peak and up to
seven well-defined polysomal peaks (Fig. 6, left). In contrast,
lysates from cells depleted of p34 and p37 exhibited an in-
crease in the 60S LSU peak and a concomitant decrease in the
80S subunit (Fig. 6, right); that is, the 60S:80S ratio is increased
when the dsRNA is induced. The 40S peak was masked by an
increase in low-molecular-weight soluble components; how-
ever, longer sedimentation in the presence of puromycin al-
lowed us to verify that the 40S peak is still present (data not
shown). In addition, we observed a decrease in polysomal
peaks, consistent with our previous observations of a decrease
in overall protein synthesis. These results suggest that the 60S
subunit may be defective in its ability to be incorporated into
the 80S particle.

As shown in Fig. 6, bottom, the identity of the peaks was
confirmed by Northern analysis using probes directed against
5S rRNA and 28S rRNA (LSU, a constituent of the 60S sub-

FIG. 3. Effects of p34/p37 dsRNA expression on 5S rRNA. (A) Nuclear extracts of wild-type cells. (B) Nuclear extracts of p34/p37 RNAi cells
which were sedimented through continuous 10 to 30% sucrose gradients. The positions of 5S rRNA, SSU rRNA (18S rRNA), and LSU rRNA (28S
rRNA) were determined by Northern blot analysis, and the positions of p34 and p37 were detected by Western blot analysis. Fraction 2 is the
bottom of the gradient. Arrows indicate the positions of bovine rRNA markers.

FIG. 4. Loss of p34 and p37 leads to a decrease in 5S rRNA levels.
Northern blot analysis of 10-fold serial dilutions of total RNA from
equivalent numbers (5 � 106) of wild-type (lanes 1 to 3) and p34/p37
RNAi (lanes 4 to 6) cells. Results are representative of four experi-
ments.

FIG. 5. Loss of p34 and p37 leads to a disruption in protein syn-
thesis efficiency. Equivalent numbers (5 � 107) of wild-type and p34/
p34 RNAi cells were pulse-labeled with [35S]methionine for 1 hour.
Protein synthesis was measured as the ratio of methionine incorpo-
rated into TCA-precipitated proteins versus cell-associated counts.
Shown is a graphical representation of the data, in which the lighter
bars are from wild-type cells and the darker bars correspond to p34/
p37 RNAi cells. The percents incorporation indicated are from four
individual experiments taken at different times postinduction (T0, 0 h
postinduction).
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unit) and 18S rRNA (SSU, a constituent of the 40S subunit).
Interestingly, we found that in the p34/p37 RNAi cells there
was a larger fraction of the 5S rRNA associated with low-
molecular-weight fractions (lanes 1 to 4) and the 80S peak
(lanes 7 and 8). The p34 and p37 proteins were associated with
the 80S peak in the wild-type cells (Fig. 6, bottom left) but
were not detectable in other fractions. As anticipated, the p34
and p37 proteins were undetectable in the p34/p37 RNAi cells
(Fig. 6, bottom right). The L5 protein, in contrast, shows sim-
ilar distributions in both wild-type and RNAi cells (data not
shown).

DISCUSSION

We have previously identified two nearly identical RNA
binding proteins, p34 and p37 from T. brucei, which contain
two consensus RNA binding domain motifs (36). Within the
coding sequences of p34 and p37, the only major difference is
an 18-amino-acid insert within the amino terminus of p37
which is absent in p34 and minor differences at three amino
acid positions. These proteins specifically interact with 5S
rRNA in both stages of the parasite life cycle (23). Further-
more, these proteins are unique to trypanosomes (9), suggest-
ing that the interaction with 5S rRNA serves a unique function
within these parasites. In the experiments presented here, we
knocked down the expression of both p34 and p37 proteins by
use of RNAi to further characterize their interaction with 5S
rRNA.

Our results show that p34 and p37 are essential for T. brucei
survival. Loss of p34 and p37 led to cessation of cell growth and
ultimately to cell death. Phenotypically, we observed granules
and vacuoles as well as multinucleate cells within the clonal cell
population. Most of the cells lost normal shape (became more
rounded), exhibited slower movement, and tended to cluster
together in groups of 5 to 20 cells. Some of these phenotypic
characteristics have also been reported upon disruption of
tubulin, histone 2B, the RNA binding protein RRM1, and

topoisomerase II with RNAi in T. brucei (15, 18, 25, 32),
making it impossible to infer the exact functions of p34 and p37
proteins based solely on phenotype.

Significantly, we observed major changes in a complex that
normally contains p34 and p37 as well as 5S rRNA. In cells
expressing p34/p37 RNAi, there was a dramatic decrease in the
sedimentation of 5S rRNA, suggesting that 5S rRNA was no
longer part of a higher-molecular-weight complex in the nu-
cleus. This shift in sedimentation coincided with a 25-fold
decrease in 5S rRNA levels. These results are similar to those
observed for yeast (Saccharomyces cerevisiae) cells depleted of
the homologue to the higher eukaryotic L5 (the yeast L1 pro-
tein) in a conditional lethal mutant where a decrease in the
stability as well as the level of newly synthesized 5S rRNA was
observed (6). Furthermore, in yeast cells expressing 5S rRNA
mutants which no longer bind the yeast L5 homologue, 5S
rRNA is not stable and is rapidly degraded (17). It is believed
that the yeast L5 homologue serves to stabilize and protect 5S
rRNA from nuclease degradation. Our results suggest that p34
and p37 may serve a similar role in T. brucei. Given the results
reported here, it may be that p34 and p37 function coopera-
tively with T. brucei L5 or may serve as an alternative pathway
for 5S rRNA transport to the nucleolus. Conversely, the com-
plex between p34 and p37 with 5S rRNA may serve as a storage
particle for 5S rRNA, thus allowing cells to maintain an in-
tranuclear pool of 5S rRNA. This would be similar to the
situation with Xenopus oocytes, where transcription factor
TFIIIA interacts with 5S rRNA in a cytoplasmic complex serv-
ing as a storage RNP for 5S rRNA in preparation for ribosome
assembly toward the end of oogenesis (21, 28). Experiments
are under way to distinguish between these possible mecha-
nisms for p34 and p37 interaction with 5S rRNA in T. brucei.

We have shown here that the loss of the p34 and p37 pro-
teins correlates with an average 60% decrease in protein syn-
thesis and with an accumulation of 60S and a loss of 80S
ribosomal subunits compared to what is seen for wild-type cells

FIG. 6. Cells depleted of p34 and p37 by RNAi accumulate the 60S ribosomal subunit. Cell lysates of wild-type (WT) and 72-h-induced p34/p37
RNAi cells (approximately 1 � 109 cells) were treated with cycloheximide and layered onto 10 to 40% sucrose gradients. The A254 traces of
wild-type (left) and p34/p37 RNAi (right) cell lysates are shown, with the top of the gradient at the left. Two hundred-microliter aliquots of each
fraction from the polysomal sedimentation analysis were subjected to Northern analysis using 5S, 28S (LSU), and 18S (SSU) probes and by
Western analysis using anti-p34/p37 antiserum.
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within 72 h postinduction of dsRNA production. Uninduced
p34/p37 RNAi cells showed as much as a 25% drop in protein
synthesis efficiency compared to what is seen for wild-type
cells, even though they grew at a rate similar to the wild-type
rate. In addition, after 72 h of dsRNA production, no major
changes were observed in the polysomal particles that were
able to form. This suggests that a modest drop in protein
synthesis does not have a strong effect on cell growth, while a
further loss of translation efficiency within induced p34/p37
RNAi cells later in the time course appears to be fatal. There-
fore, the overall decrease in protein synthesis in p34/p37 RNAi
cells may render these cells unable to keep up with cellular
demands.

The incorporation of 5S rRNA into the 60S ribosomal sub-
unit occurs late in ribosome assembly (5). Even though the
exact function(s) of 5S rRNA has not been clearly defined,
many potential functions have been assigned to 5S rRNA (26).
In Escherichia coli, a stable and partially functional ribosome
which lacked 5S rRNA was reconstituted in vitro, although
these ribosomes were able to synthesize protein only at a very
low rate, which was, however, dramatically increased upon the
addition of 5S rRNA (7). In this case, it has been established
that that 5S rRNA is critical for tRNA binding to the A-site
(aminoacyl-tRNA binding site) of the ribosome (7). For yeast,
it has been proposed that since 5S rRNA provides a physical
connection between the different functional regions of the ri-
bosome, it serves as a signal transducer to facilitate communi-
cation between these regions, thus helping to direct their co-
ordination of translation events (26). Furthermore, the site of
peptidyltransferase activity and the EF-G binding site may
communicate through 5S rRNA via its interaction with LSU
rRNA (2).

The loss of p34 and p37 resulted in a significant loss of 5S
rRNA in p34/p37 RNAi cells, and in our polysomal gradients,
a greater fraction of the remaining 5S rRNA was found in the
lower-molecular-weight region in the p34/p37 RNAi extracts
than in the wild-type extracts (Fig. 6). Taken together with the
accumulation of possibly defective 60S subunits, seen here as a
shift of the ratio between the 60S peak and the 80S peak, these
results indicate that p34 and/or p37 may have a role in the
assembly of the LSU. In the absence of p34 and p37, a step in
the biogenesis of a functional 60S subunit would then be
blocked, and this subunit would be rendered unable to join a
40S subunit to form the mature 80S ribosome. In one possible
model, p34 and p37 could bind and stabilize 5S rRNA and
direct it (perhaps via an association with other ribosomal com-
ponents) to the 60S subunit. Later, binding of the mRNA or
incorporation of the 40S small subunit could cause p34 and p37
to be released. In yeast, mutations of 5S that make it unstable
lead to decreased assembly of 60S particles (5, 30). This ob-
servation raises the possibility that the effect of p34 and p37 on
the levels of 60S particles may take place indirectly, through
their effect on 5S stability. We did observe lower-molecular-
weight species, suggesting the presence of partially assembled
60S particles and indicating (in accordance with the results
obtained with yeast by use of mutant, unstable 5S) that a
complete pool of 60S subunits is never assembled.

Although ribosome assembly is highly coordinated and con-
served, some organisms, such as the parasite T. brucei, contain
several unique features of ribosome biogenesis. In T. brucei,

the LSU rRNA, which consists of a single species in other
organisms, is processed into six distinct RNAs (10, 34). Addi-
tionally, it has recently been established that a family of try-
panosome-specific phosphoproteins, NOPP44/46, are involved
in this processing of LSU rRNA. The loss of NOPP44/46 by
RNAi led to aberrant processing of pre-LSU rRNA, disruption
of large ribosomal subunit (60S) assembly, and cell death (12).
Interestingly, we have previously established an interaction
between the T. brucei proteins p34 and p37 with the
NOPP44/46 proteins (22). At this time, we do not know
whether the interaction of p34 and p37 with NOPP44/46 occurs
in conjunction with that with 5S rRNA or whether the inter-
action of p34 and p37 with 5S rRNA is a separate and distinct
phenomenon. Given the abundance of p34 and p37 in the cell,
it is possible that these proteins are involved in multiple pro-
cesses and have many functions throughout the parasite life
cycle. Results from p34/p37 RNAi cells emphasize the vital
role(s) that p34 and p37 proteins play. The interaction between
these novel proteins and 5S rRNA further underscores the
importance of these proteins, and they are yet another unique
feature of trypanosomes.
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