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L-Mimosine, a plant amino acid, can reversibly block mammalian cells at late G1 phase and has
been suggested to affect translation of mRNAs such as p27, the CDK inhibitor. However, the
mechanism of this effect is not known. Regulation of translation generally occurs at the initiation
step that, in mammalian cells, is a complex process that requires multiple eukaryotic initiation
factors (elFs) and ribosome. The effects of mimosine on initiation factors or regulators conse-
quently will influence translation initiation. P170, a putative subunit of elF3, has been suggested
to be nonessential for elF3 function to form preinitiation complexes and it may function as a
regulator for translation of a subset of mRNAs. In this article, we tested this hypothesis and
investigated whether elF3 p170 mediates mimosine effect on mRNA translation. We found that
p170 translation was dramatically reduced by mimosine due to its iron-chelating function. The
decreased expression of p170 by mimosine caused diminished de novo synthesis of tyrosinated
a-tubulin and elevated translation of p27 before cell cycle arrest. These observations suggest that
p170 is likely an early response gene to mimosine treatment and a mediator for mimosine effect
on mRNA translation. The effect of p170 on the synthesis of tyrosinated a-tubulin and p27 in a

reciprocal manner also suggests that p170 functions as a regulator for mRNA translation.

INTRODUCTION

L-Mimosine, a plant amino acid derived from seeds of Leu-
caena leucocephala or Mimosa pudica, can specifically and re-
versibly block mammalian cells at late G1 phase (Lalande,
1990; Mosca et al., 1992). Mimosine is commonly used as a
synchronizing agent for investigating cell cycle progression
in mammalian cells (Wang et al., 1995; Hughes and Cook,
1996). However, the molecular mechanism of mimosine ac-
tion is ill-defined. It has been reported that the cells treated
with mimosine lack proteins required for initiation and elon-
gation of DNA replication (Kalejta and Hamlin, 1997). Al-
though mimosine does not affect mRNA synthesis in general
(Tsai and Ling, 1971), a subset of mRNAs was found to
relocate to the mono-ribosome pool at the expense of poly-
ribosome fraction after mimosine treatment. On mimosine
removal, they reappeared in poly-ribosome pool, indicating
that the mimosine effect is reversible (Hanauske-Abel et al.,
1995). A recent study showed that expression of the cyclin-
dependent kinase inhibitor p27 was elevated at the transla-
tional level by mimosine (Wang et al., 2000). These findings
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suggest that mimosine may modulate the synthesis of some
proteins, which in turn causes inhibition of DNA replication
and cell cycle arrest. One possible mechanism for such effect
is that mimosine affects the synthesis and/or the function of
proteins controlling mRNA translation.

The rate-limiting step in mRNA translation is the initia-
tion step. In eukaryotes, 11 factors have been identified that
participate in the translation initiation step (Hershey and
Merrick, 2000). Among these factors, elF3 is the largest and
the most complex one with a molecular weight of ~550-700
kDa (Trachsel et al., 1977; Merrick, 1979; Hershey et al., 1996;
Hershey and Merrick, 2000). It plays a key role in the initi-
ation of translation by binding to 40S subunit to prevent the
reassociation of the 60S to the 40S subunit before formation
of the 43S preinitiation complex and by stabilizing the Met-
tRNA, elF2, and the GTP ternary complex. Mammalian eIF3
consists of ~11 putative subunits: p170, p116, p110, p66, p48,
p47, p44, p40, p36, p35, and p28 (Hershey and Merrick,
2000). The p170 subunit is the largest and thought to be the
major subunit of eIF3 complex purified initially from rabbit
reticulocyte lysates (Benne and Hershey, 1976). However,
the functional importance of p170 in translational control
and in the eIF3 complex is not clear. The findings that p170
interacts with other subunits of elF3 such as p44 (Block et al.,
1998) and p116 (Methot et al., 1997) and also with elF4B
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(Methot et al., 1996) as well as with RNA (Block et al., 1998;
Buratti et al., 1998) support a role of p170 in elF3 function
and translation initiation. However, elF3 preparations rich
in p170 did not differ from preparations that essentially
lacked this protein in assays of preinitiation complex forma-
tion (Chaudhuri et al., 1997). This finding suggests that eIF3
p170 may not be essential for the formation of preinitiation
complex in the initiation of general translation.

Recently, overexpression of elF3 p170 has been associated
with several human cancers, including cancers of breast
(Bachmann et al., 1997), cervical (Dellas et al., 1998), esoph-
ageal (Chen and Burger, 1999), and lung (Pincheira et al.,
2001b). We recently also found that the expression of eIF3
p170 oscillates with cell cycle. That is, its expression level is
low in G1 and high in S phase (Dong, Pincheira, and Zhang,
unpublished observation). Thus, p170 may play some role in
modulating cell proliferation and cell cycle. In the present
study, we investigated the effect of mimosine on the expres-
sion of elF3 p170. We found that mimosine treatment of
HeLa cells decreased the expression of p170 at translational
level. Moreover, experimental manipulations of p170 ex-
pression recapitulate the effect of mimosine on translation of
mRNAs of p27 and a-tubulin.

MATERIALS AND METHODS

Materials

Monoclonal antibodies against p27 and tyrosinated a-tubulin were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA) and
Accurate Chemical & Scientific (Westbury, NY), respectively. Poly-
clonal antibody against hPrt 1 (eIF3 p116) was a kind gift from Dr.
Max M. Burger (Friedrich Miescher Institute, Basel, Switzerland).
The enhanced chemiluminescence system for Western blot analysis
was from Amersham Biosciences (Piscataway, NJ). N'-Guanyl-1,7-
diaminoheptane (GC-7) was a kind gift of Dr. Myung Hee Park
(National Institute of Dental and Craniofacial Research, National
Institutes of Health). Mimosine, deferoxamine mesylate (DFO), and
ferric ammonium citrate were from Sigma-Aldrich (St. Louis, MO).
[**S]Methionine was purchased from PerkinElmer Life Sciences
(Boston, MA). Sequi-Blot polyvinylidene difluoride membrane and
concentrated protein assay dye reagents were from Bio-Rad (Her-
cules, CA). Cell culture media and reagents were obtained from
Invitrogen (Carlsbad, CA). All other reagents were of molecular
biology grade and were purchased from Sigma-Aldrich or Fisher
Scientific (Chicago, IL).

Engineering of the p170 Expression Constructs

The p170 cDNA insert (4.7 kb) was released from pGEM4Z vector
(Pincheira et al., 2001b) by Notl digestion and ligated into a Notl-
linearized pTracer-CMV2 vector (Invitrogen). The orientation of the
cDNA in the vector was determined by restriction mapping and
confirmed by double-strand DNA sequencing. The construct with
cDNA in an antisense orientation was named pTracer-CMV2-
P170AS, which was used to generate antisense p170 mRNA to
inhibit p170 expression. The 4.7-kb insert was then released from
pTracer-CMV2-P170AS by double digestion with Notl and Kpnl and
cloned into a pCBA vector linearized with the same enzymes. The
resulting plasmid with p170 in sense orientation was named pCBA-
p170. All constructs were confirmed by DNA sequencing.

Cell Culture, Treatment, and Transfection

HeLa cells were maintained in modified Eagle’s medium supple-
mented with 10% fetal calf serum and in humidified atmosphere of
5% CO, at 37°C. NIH3T3 cells were cultured in modified Eagle’s
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medium containing 10% donor calf serum and maintained in hu-
midified atmosphere of 10% CO, at 37°C. HeLa cells were seeded at
6 X 10° cells in 100-mm dishes and grow for 3 d before treated with
600 uM mimosine, 150 uM GC-7, 200 uM DFO, or 400 uM ferric
ammonium citrate.

For transient transfection, 1.5 X 10° cells were seeded into 10-cm
cell culture dishes and grow for 24 h. The cells were then transfected
with 4-10 pg of pCBA-pl70 or pCBA vector, pTracer-CMV2-
P170AS, or pTracer-CMV2 vector by using LipofectAMINE/Plus
reagent. Cells were harvested 36-48 h after transfection for further
analysis.

Cell Cycle Analysis by Using Flow Cytometry

Cells were harvested and washed twice with phosphate-buffered
saline (PBS). The resuspended cells in PBS were fixed in 80% ethanol
for 30 min at room temperature and stored at 4°C. The cells were
then collected by centrifugation and stained with 50 ug/ml pro-
pidium iodide. The cells were then treated with 100 ug/ml RNase
for 15 min at room temperature followed by analysis using a FAC-
Scan flow cytometer. Cell cycle distribution was analyzed with the
Modfit LT program.

Sample Preparation, Western Blot, and
Immunoprecipitation

Cells were lysed in TNN-SDS buffer (50 mM Tris-HCI, pH 7.5, 150
mM NaCl, 0.5% Nonidet P-40, 50 mM NaF, 1 mM sodium or-
thovanadate, 1 mM dithiothreitol, 0.1% SDS, and 2 mM phenyl-
methylsulfonyl fluoride) at 4°C for 30 min. Lysates were cleared by
centrifugation (10,000 X g for 10 min at 4°C), and protein concen-
trations were determined using the Bradford method (Bradford,
1976) with reagents from Bio-Rad.

Western blot analyses were performed as described previously
(Pincheira et al., 2001a). Briefly, cell lysates were separated by SDS-
PAGE and transferred to a polyvinylidene difluoride membrane.
The blot was then probed with affinity-purified polyclonal antibody
AbD (1:1000 dilution), actin-specific monoclonal antibody (mAb)
(1:3000 dilution), tyrosinated a-tubulin-specific mAb YL1/2 (1:500
dilution), or p27 mAb (1:300 dilution) followed by reaction with
horseradish peroxidase-conjugated secondary antibody. The signal
was detected using enhanced chemiluminescence.

Immunoprecipitation was performed as follows. SDS and dithio-
threitol were added to cell lysates of 200-500 ug of proteins to final
concentrations of 0.5% and 10 mM, respectively. The samples were
boiled for 15 min, diluted 10-fold with TNN buffer containing 2%
bovine serum albumin but without SDS and dithiothreitol, and then
mixed with 30 ul of 50% protein G-Sepharose 4B slurry. The mixture
was incubated at 4°C for 1 h and centrifuged to remove Sepharose
beads together with nonspecifically bound proteins. To the super-
natant, 10 ul of affinity-purified AbD to p170 or antibodies to
tyrosinated a-tubulin and p27 were added and incubated at 4°C for
3 h before mixing with 30 ul of 50% protein G-Sepharose 4B slurry.
The mixture was further incubated for 3 h or overnight at 4°C with
agitation. The immunoprecipitate was collected by centrifugation
and washed six times with TNN-SDS buffer. The final pellet was
solubilized in 15-ul sample buffer for SDS-PAGE.

Pulse and Pulse-Chase Labeling of Cells

Cells were washed twice with PBS and once with DMEM lacking
methionine followed by incubation for 2 h in the same medium
supplemented with 75 uCi/ml [**S]methionine. The pulse-labeled
cells were then washed three times with PBS and harvested for cell
lysate preparation and immunoprecipitation. To chase the labeling,
the cells were washed twice with PBS and once with DMEM me-
dium after the 2-h pulse labeling. The cells were then cultured in
DMEM medium supplemented with 100 ug/ml cold methionine in
the absence or presence of 600 uM mimosine up to 8 h. After
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Figure 1. Expression of p170 after mimosine treatment. HeLa cells
were treated with 600 uM mimosine for 48 h and were used to
determine p170 expression and cell cycle distribution as described
in MATERIALS AND METHODS. Actin was used as a loading
control. The relative expression level of p170 was calculated based
on the density of p170 and actin bands measured using a Scion
Image software.

washing three times with PBS, the cells were harvested for cell
lysate preparation and immunoprecipitation.

RNA Extraction, Northern Blot, and Ribonuclease
Protection Assay

Cells were harvested and total RNAs were extracted using RNeasy
mini kit (QIAGEN, Valencia, CA). For Northern blot analysis, 20 ug
of total RNAs was separated by electrophoresis in 1.2% agarose-
formaldehyde gels, transferred to nitrocellulose membranes, and
probed with cDNAs labeled with 3P by a Rediprime II random
prime labeling system (Amersham Biosciences). The hybridization
and washing conditions were as described previously (Dong et al.,
1998). The blots were then stripped and reprobed with the probe of
constitutively expressed human GAPDH gene. RNase protection
assay was performed as previously described with 20 ug of total
RNA (Dong et al., 1998) by using the RPA-III kit (Ambion, Austin,
TX) according to the instructions of the supplier. The constitutively
expressed human GAPDH gene obtained from Ambion was used as
a control for RNase protection assay.

RESULTS

Effect of Mimosine Treatment on p170 Expression

To determine whether cells arrested at GO/G1 phase by
mimosine treatment have lower levels of p170, we treated
HeLa cells with mimosine for 48 h, which increased the
fraction of cells at GO/G1 (Figure 1) and determined p170
protein levels by Western blot analysis. As shown in Figure
1, p170 decreased to about one-third of the level in the
untreated control cells after mimosine treatment. To deter-
mine whether the p170 decrease was due to GO/G1 arrest,
we performed a time-course analysis of p170 level after
mimosine treatment. As shown in Figure 2A, p170 level
began to decrease at ~2 h and reached plateau around 6 h
after mimosine treatment. However, the cell cycle distribu-
tion did not change during the period of 8 h of mimosine
treatment (our unpublished data). Thus, the decrease in
p170 level occurred before and was not a result of cell cycle
arrest. It is noteworthy that the expression level of another
elF3 subunit, hPrtl (p116), remained the same during the 8-h
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Figure 2. Time course of mimosine effect on protein synthesis.
HeLa cells were treated with 600 uM mimosine for different times
and then used for analysis of expression of p170 (A) and hPrt 1 (B)
by Western blot, and global protein synthesis (C) by [**S]methionine
incorporation. Actin was used as a loading control for Western blot.
The relative expression levels of p170 in A and hPrt 1 in B were
calculated based on the density of p170, hPrt 1 and actin bands
measured using a Scion Image software.

period of mimosine treatment (Figure 2B), suggesting that
mimosine effect does not extend to other elF3 subunits.
Interestingly, the total [3**S]methionine incorporation after
mimosine treatment began to decrease at 4 h after mimosine
treatment and reached a maximum of 50% decrease at 6 h of
treatment (Figure 2C). On the other hand, the total [3°S]me-
thionine incorporation was dramatically decreased at 2 h
after cycloheximide (a known translation inhibitor) treat-
ment and reached a maximum of 90% decrease around 4 h
of treatment (our unpublished data). These results suggest
that mimosine is not a general protein synthesis inhibitor. It
is, thus, possible that mimosine inhibits expression of p170,
which then mediates the cell cycle arrest by affecting the
synthesis of other proteins.

Mimosine Inhibits the Synthesis of p170 Protein

To test the above-mentioned hypothesis and to determine at
which level mimosine treatment decreases p170 expression,
we first performed an RNase protection analysis of p170
mRNA at different time points after mimosine treatment. As
shown in Figure 3A, within the 8-h period of mimosine
treatment, the steady-state level of p170 mRNA remained
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Figure 3. Effects of mimosine on pl70 synthesis. (A) Effect of
mimosine on the level of p170 mRNA. HeLa cells were treated with
600 uM mimosine, and total RNAs were prepared for RNase pro-
tection analysis of p170 mRNA. GAPDH was used as a control. (B)
Effect of mimosine on p170 synthesis. HeLa cells were treated with
or without 600 uM mimosine for 6 h followed by a 2-h pulse
labeling with [3*S]methionine. Labeled p170 was then immunopre-
cipitated for SDS-PAGE and autoradiography analysis as described
in MATERIALS AND METHODS. (C) Effect of mimosine on p170
degradation. HeLa cells were first pulse-labeled with [**S]methi-
onine for 2 h followed by a chase in DMEM supplemented with 100
png/ml unlabeled methionine in the presence or absence of 600 uM
mimosine. P170 was then immunoprecipitated for SDS-PAGE and
autoradiography followed by measurement of the p170 level with a
Scion Image software.

the same. This observation suggests that the mimosine effect
on p170 expression is not at the RNA level (e.g., transcrip-
tion or degradation). To determine whether the synthesis of
p170 protein is altered by mimosine, we performed a pulse
labeling study with [3**S]methionine followed by immuno-
precipitation of p170. As shown in Figure 3B, p170 protein
synthesis after the 8-h mimosine treatment is decreased to
about one-third of the untreated cells. To further determine
whether mimosine treatment affects the stability of p170
protein, we performed a pulse-chase and immunoprecipita-
tion experiment. As shown in Figure 3C, the degradation
rate of p170 protein is the same between cells chased in the
absence or presence of mimosine with a half-life around 5 h.
Together, these results suggest that mimosine treatment in-
hibits only the synthesis of p170 protein.

Mimosine Inhibits p170 Protein Synthesis by Its
Iron-chelating Effect

It has been reported that mimosine has two functions as an
iron chelator and as an inhibitor of deoxyhypusyl hydroxy-
lase (DOHH) (Hanauske-Abel et al., 1994, Andrus et al.,
1998), an enzyme responsible for the second step of synthe-
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Figure 4. Effect of iron level on p170 expression. HeLa cells were
cultured with or without 150 uM GC-7 (A), 200 uM DFO (B), or 400
uM ferric ammonium citrate in combination with mimosine (C)
followed by determination of p170 level by using Western blot as
described in MATERIALS AND METHODS. Actin was used as a
loading control. The relative expression levels of p170 were calcu-
lated based on the density of p170 and actin bands measured using
a Scion Image software.

sis of the unique amino acid, hypusine, in eIF5A. Hypusine
is critical for eIlF5A function and is formed by a two-step
posttranslational modification: synthesis and hydroxylation
of deoxyhypusine catalyzed by deoxyhypusine synthase
(DHS) and DOHH, respectively (Park et al., 1993a). To in-
vestigate whether the effect of mimosine on p170 synthesis is
due to its effect on formation of hypusinated elF5A or its
iron-chelating function, we tested the effect on p170 expres-
sion of two other compounds: GC-7, a specific inhibitor of
DHS (Jakus et al., 1993), and deferoxamine mesylate (DFO),
a known iron chelator. As shown in Figure 4A, the 8-h
treatment by GC-7 did not change the expression level of
p170. Extended treatment for 28 h also did not affect p170
expression (our unpublished data). Thus, the effect of mi-
mosine on p170 synthesis is not due to the inhibition of the
hypusinated eIF5A formation. However, 8-h treatment by
DFO decreased the expression level of p170 (Figure 4B),
similar to that found with mimosine treatment (Figure 2A).
Furthermore, addition of exogenous iron can overcome the
inhibitory effect of mimosine on the expression of p170
(Figure 4C). Thus, it is likely that the mimosine effect on
p170 synthesis is due to its iron-chelating activity.

P170 Mediates the Effect of Mimosine on
a-Tubulin Expression

To test the hypothesis that p170 is an early mediator for the
effect of mimosine on cell cycle arrest, we tested whether the
changed level of p170 expression will affect the synthesis of
other proteins. It has been shown previously that the human
p170 and its yeast analog bind to microtubule (Hasek et al.,
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2000; Shanina et al., 2001) and that human p170 coprecipi-
tates with tyrosinated a-tubulin (our unpublished data).
These observations suggest that p170 may interact with
tyrosinated a-tubulin, the primary product translated from
a-tubulin mRNA.

It has been shown previously that the translation of a-tubu-
lin is regulated by a feedback mechanism (Gonzalez-Garay and
Cabral, 1996). Overexpression of a-tubulin inhibits its own
translation. This finding implies that o-tubulin may interact
with translation apparatus that in turn may regulate the trans-
lation of its own mRNA. The binding of a-tubulin to p170 may
play a role in regulating a-tubulin translation. Thus, we exam-
ined the expression of a-tubulin to determine whether it can be
influenced by mimosine, and thus by expression of p170. Be-
cause only the tyrosinated a-tubulin represents the newly syn-
thesized a-tubulin, we examined only tyrosinated a-tubulin in
this study. As shown in Figure 5, the level of tyrosinated
a-tubulin, unlike p170, began to decrease at 4 h after mi-
mosine treatment (Figure 5A, also compare to Figure 2 for
p170). Similar to p170, the mRNA level of a-tubulin did not
change after mimosine treatment (Figure 5B). Thus, the ef-
fect of mimosine on tyrosinated a-tubulin level must be at
the protein level.

We next examined whether the mimosine effect is on
generation or degradation of tyrosinated a-tubulin by per-
forming pulse and pulse-chase experiments as described
above. Tyrosinated a-tubulin can be generated by de novo
synthesis and retyrosination of the existing detyrosinated
a-tubulin. However, only the de novo synthesized tyrosi-
nated a-tubulin will be labeled by the pulse and pulse-chase
labeling procedure. Degradation of tyrosinated a-tubulin
reflects both detyrosination and degradation. As shown in
Figure 5C, the pulse labeling of tyrosinated a-tubulin in the
presence of mimosine is much less than that in the absence
of mimosine. However, the degradation of tyrosinated a-tu-
bulin is the same in the absence or presence of mimosine
(Figure 5D). Thus, the effect of mimosine on the expression
of tyrosinated a-tubulin is likely at the translational level.

To determine whether p170 mediates the effect of mimosine
on tyrosinated a-tubulin expression, we took advantage that
the p170 expression level can be altered by transient transfec-
tion of antisense or sense p170 cDNA. Previously, it has been
found that p170 expression level is high in tumor cell lines such
as HeLa (Pincheira ef al., 2001b) and low or undetectable in
nontumorigenic cells such as NIH3T3 (Bachmann et al., 1997).
In this study, the p170 level was up-regulated in NIH3T3 cells
and down-regulated in HeLa cells by transient transfection of
sense and antisense p170 cDNA, respectively, and the effect of
these alterations on the level of tyrosinated a-tubulin was
determined. As shown in Figure 6A, down-regulating p170
expression in HeLa cells by antisense p170 also decreased the
level of tyrosinated a-tubulin. On the other hand, up regulating
p170 expression in NIH3T3 cells also increased the level of
tyrosinated a-tubulin (Figure 6B). However, it is noteworthy
that the level of effect of antisense p170 cDNA on p170 expres-
sion is different from mimosine effect. In addition, the pulse
labeling experiment showed that the synthesis of tyrosinated
a-tubulin decreased dramatically in HelLa cells by down-reg-
ulating p170 expression (Figure 6C), while it increased dramat-
ically in NIH3T3 cell by up-regulating p170 expression (Figure
6D). Thus, it is likely that the effect of mimosine on the de novo
synthesis of tyrosinated a-tubulin is mediated by p170. We also
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Figure 5. Effect of mimosine on the expression of tyrosinated
a-tubulin. (A) Time course of the effect of mimosine on the expres-
sion of tyrosinated a-tubulin. HeLa cells were treated with 600 uM
mimosine for 0-8 h and then lysed for determination of the expres-
sion of tyrosinated a-tubulin by Western blot. Actin was used as
loading control. (B) Northern blot analysis of mRNA level of a-tu-
bulin after mimosine treatment. HeLa cells were treated with 600
uM mimosine and total RNAs were prepared for Northern blot
analysis of a-tubulin. GAPDH was used as a loading control. (C)
Effect of mimosine on the synthesis of tyrosinated a-tubulin. HeLa
cells were treated with or without 600 uM mimosine for 6 h fol-
lowed by a 2-h pulse labeling with [**S]methionine. Labeled tyrosi-
nated a-tubulin was then immunoprecipitated for SDS-PAGE and
autoradiography analysis as described in MATERIALS AND
METHODS. (D) Effect of mimosine on the degradation of tyrosi-
nated a-tubulin. HeLa cells were first pulse-labeled with [3S]me-
thionine for 2 h followed by a chase in DMEM supplemented with
100 pg/ml unlabeled methionine in the presence or absence of 600
1M mimosine. Tyrosinated a-tubulin was then immunoprecipitated
for SDS-PAGE and autoradiography followed by measurement of
tyrosinated a-tubulin level with a Scion Image software.

determined the effect of p170 level on global protein synthesis
and found that down regulating the expression of p170 in
HeLa cells by antisense p170 cDNA caused 15-20% decrease in
the global protein synthesis, whereas up-regulating p170 ex-
pression in NIH3T3 cells by sense p170 cDNA caused 40-50%
increase in global protein synthesis. These results imply that
p170 may be only responsible for the synthesis of some pro-
teins and not essential for global protein synthesis, consistent
with the previous report that p170 may not be essential for the
formation of preinitiation complex in the initiation of general
translation (Chaudhuri ef al., 1997).

P170 Mediates the Effect of Mimosine on p27
Expression

To rule out the possibility that the up- and down-regulation
of p170 expression up- and down-regulate the general trans-
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Figure 6. Effect of altering p170 expression level on the expression
of tyrosinated a-tubulin. Down-regulating p170 expression in HeLa
cells (A and C) and up-regulating p170 expression in NIH3T3 cells
(B and D) were achieved by transient transfection with antisense
(AS) and sense (S) p170 cDNA, respectively. The effect of the change
in p170 expression on the expression level (A and B) and synthesis
(C and D) of tyrosinated a-tubulin was determined using Western
blot and pulse labeling, respectively, as described in MATERIALS
AND METHODS. Vector-transfected cells (Vec) were used as con-
trols for transfection. Actin was used as a loading control for West-
ern blot. The relative expression levels of tyrosinated a-tubulin (A
and B) were calculated based on the density of tyrosinated a-tubulin
and actin bands measured using a Scion Image software.

lation, respectively, and, thus, the synthesis of tyrosinated
a-tubulin, we tested whether p170 can change the synthesis
of proteins in opposite directions. That is, up- or down-
regulation of p170 would down- and up-regulate, respec-
tively, the synthesis of other proteins. For this purpose, we
searched the literature and found that mimosine treatment
increased the level of p27 expression at the translational
level (Wang et al., 2000) and decided to use p27 as a model.
As shown in Figure 7A, mimosine treatment increased the
level of p27 protein. It seems that the increase in p27 level
occurs around 3 h after the treatment.

We next tested whether the mimosine effect on p27 syn-
thesis is also mediated by p170 by using the transient trans-
fection strategy as described above. As shown in Figure 7B,
48 h after transfection, the level of p170 was significantly
reduced, whereas that of p27 increased approximately two-
fold in the antisense p170-transfected HeLa cells in compar-
ison with the vector control. Similarly, p170 level increased
while p27 level decreased in the pl70-overexpressing
NIH3T3 cells compared with the vector control (Figure 7C).
Furthermore, using the pulse-labeling study we found that
the synthesis of p27 protein increased in HeLa cells by
down-regulating the expression level of p170 (Figure 7D),
whereas the global protein synthesis decreased ~15-20%.
On the other hand, up-regulating p170 in NIH 3T3 cells
decreased the synthesis of p27 protein (Figure 7E), whereas
the global protein synthesis increased ~40-50%. These ob-
servations suggest that mimosine effect on p27 synthesis is
likely mediated by p170 and that p170, rather than as a
general translation initiation factor, may function as a reg-
ulator for protein synthesis.

Effect of DFO on Expression of p27 and a-Tubulin

The above-mentioned studies showed that p170 can mediate
the effect of mimosine on the synthesis of a-tubulin and p27
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Figure 7. Effect of mimosine and p170 on p27 expression. (A) Time
course of the effect of mimosine on p27 expression. HeLa cells were
treated with 600 M mimosine for 0-8 h and then lysed for deter-
mination of p27 expression using Western blot. (B-E) Effect of p170
level on p27 expression (B and C) and synthesis (D and E). Down-
regulating p170 expression in HeLa cells (A and C) and up-regulat-
ing p170 expression in NIH3T3 cells (B and D) were achieved by
transient transfection with antisense (AS) and sense (S) p170 cDNA,
respectively. The effect of the change of p170 level on p27 expression
(B and C) and synthesis (D and E) was determined using Western
blot and pulse labeling, respectively, as described in MATERIALS
AND METHODS. Vector-transfected cells (Vec) were used as con-
trols for transfection. Actin was used as a loading control for West-
ern blot. The relative expression levels of p27 (A-C) were calculated
based on the density of p27 and actin bands measured using a Scion
Image software.

and that mimosine down-regulates the expression level of
p170 by its iron-chelating activity. We next investigated the
effect of iron chelator DFO on the expression of a-tubulin
and p27. As shown in Figure 8, treatment of HeLa cells with
DFO for 8 h decreased the expression of a-tubulin, whereas
it increased the expression of p27. This effect is similar to
that of mimosine and consistent with results reported pre-
viously that DFO-arrested cells in G1 phase as mimosine
(Yoon et al., 2002). Therefore, one of the possible mecha-
nisms for mimosine and DFO to regulate protein synthesis
and cell cycle progression is by down-regulating the expres-
sion level of p170 through iron chelation, which then influ-
ences the expression of other genes, such as p27 and o-tu-
bulin.

DISCUSSION

In this study, we showed that the expression level of elF3
pl70 can be modulated by mimosine at the translational
level. The mimosine effect on p170 synthesis is likely due to
its iron-chelating activity. P170 seems to be an early re-
sponse protein to the effect of mimosine and is likely a
mediator of mimosine effect on the synthesis of other pro-
teins and on cell cycle control. Our findings that p170 ex-
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Figure 8. Effect of DFO on a-tubulin and p27 expression. HeLa
cells were treated with or without 200 uM DFO for 8 h and then
harvested for determination of the expression level of tyrosinated
a-tubulin (A) and p27 (B) by using Western blot.

erted opposite effects on the synthesis of p27 versus tyrosi-
nated a-tubulin suggest that p170 is an important regulator
for protein synthesis.

It has been suggested previously that mimosine can mod-
ulate the expression of specific genes at the translational
level (Hanauske-Abel et al., 1995; Kalejta and Hamlin, 1997)
and this modulation may be due to its inhibition on forma-
tion of hypusinated elF5A (McCaffrey et al., 1995). The hy-
pusine residue of eIF5A is critical to its function (Park et al.,
1993a,b). Mimosine is an inhibitor of DOHH, essential for
hypusine formation, and consequently inhibits the forma-
tion of hypusine and thus the function of eIF5A (Hanauske-
Abel et al., 1994; Andrus et al., 1998), which has been re-
ported to be critical for cell growth and survival (Schnier et
al., 1991; Park et al., 1998). Interestingly, there was only 30%
decrease in global protein synthesis in yeast with elF5A
depleted (Kang and Hershey, 1994). Thus, eI[F5A may be
responsible for controlling the translation of a subset of
mRNAs (Park et al., 1993a; Hanauske-Abel et al., 1994; Park
et al., 1997). However, we found that GC7, a specific inhib-
itor of DHS, another essential enzyme for hypusine forma-
tion (Jakus et al., 1993), did not alter the expression level of
p170. Therefore, it seems that the inhibition of p170 transla-
tion by mimosine is not due to the inhibition of formation of
hypusinated eIF5A.

Treatment of cells with high concentrations of mimosine
inhibits global protein synthesis by up to 50%. Conversely,
p27 synthesis increased after mimosine treatment. Thus,
mimosine is not a general protein synthesis inhibitor and the
decrease in p170 synthesis after mimosine treatment is less
likely due to a global inhibition effect. It also seems that the
decreased expression of p170 after mimosine treatment was
not secondary to GO/G1 cell cycle arrest because p170 levels
decreased before cell cycle arrest.

Mimosine is also an iron chelator (Kontoghiorghes and
Evans, 1985; Kulp and Vulliet, 1996). Iron chelators, such as
DFO, have been reported to inhibit cell growth by modulat-
ing gene expression and causing G1 arrest (Yoon et al., 2002).
Therefore, one possible mechanism of mimosine inhibition
of p170 synthesis may be related to its iron chelation func-
tion. We found that DFO indeed inhibited p170 expression

3948

similarly to mimosine. Furthermore, addition of exogenous
iron into culture medium overcame the mimosine inhibitory
effect on p170 expression. These observations suggest that
iron is important for the translation of p170 mRNA. Al-
though it is currently unknown how iron is involved in
regulating the translation of p170 mRNA, it is tempting to
propose that the 5 -untranslated region (UTR) sequence of
p170 mRNA contains an iron-responsive sequence. How-
ever, analysis of the 5'-UTR sequence of p170 mRNA (Pin-
cheira et al., 2001b) showed no consensus iron response loop
sequence as described for ferritin mRNA (Rouault et al.,
1996), although this does not rule out a potentially different
iron response stem-loop structure in the 5'-UTR sequence as
described for the 5'-UTR sequence of Alzheimer’s amyloid
precursor protein transcript (Rogers et al., 2002). Clearly,
further investigations are needed to understand the role of
iron in regulating p170 translation and to elucidate the
mechanism of mimosine action.

From the time-course study, it seems that p170 expression
was changed before tyrosinated a-tubulin and p27. This
suggests that p170 mRNA may be an early mimosine re-
sponse gene, which in turn regulates the translation of other
mRNAs. This hypothesis is supported by the observation
that experimentally modulating p170 expression by tran-
sient transfection of p170 cDNA changed the synthesis of
tyrosinated a-tubulin and p27. It has also been shown pre-
viously that the synthesis of p27 protein, but not the mRNA,
in HL60 cells was increased after TPA treatment (Millard ef
al., 1997). We likewise found that the expression level of
p170 deceased after TPA treatment (our unpublished obser-
vation). The correlation of decreased p170 expression con-
comitant with increased p27 synthesis after TPA treatment is
consistent with the conclusion that p170 may directly regu-
late p27 synthesis.

Although p170 has been suggested to be a major subunit
of elF3 complex, its role in initiation of general translation is
not clear. EIF3 preparations rich in p170 did not differ from
preparations that essentially lacked this protein in specific
activity (Chaudhuri et al., 1997), suggesting that p170 may
not be essential for the formation of preinitiation complex in
the initiation of general translation. One potential function
of p170 is to act as a regulator for translation of a specific
subset of mRNAs as proposed for eIF5A (Park et al., 1993a;
Hanauske-Abel et al., 1994; Park et al., 1997). Our findings
that experimentally altering p170 levels directly affected
synthesis of p27 and tyrosinated a-tubulin in a reciprocal
manner supports the above-mentioned hypothesis and ar-
gues against the possibility that p170 plays a general role in
translation initiation. It is also noteworthy that mimosine
treatment inhibits global protein synthesis by 50%, whereas
severe depletion of elF5A decreased global protein synthesis
by 30% (Kang and Hershey, 1994). Because mimosine affects
both the formation of hypusinated elF5A and the expression
of p170, it is tempting to propose that p170 is responsible for
regulating 20% of global protein synthesis. Consistently, we
found that decreasing pl70 expression in HeLa cells by
antisense p170 cDNA decreased global protein synthesis by
15-20%.

The results from this study also suggest that mimosine
arrests cell cycle through at least two pathways by regulat-
ing translation of mRNAs. In addition to the known path-
way by inhibiting the formation of hypusinated elIF5A,
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which in turn possibly inhibits translation of a subset of
mRNAs, mimosine also inhibits p170 synthesis, which
also regulates translation of a subset of mRNAs. The
observation that prolonged treatment of cells with mi-
mosine only inhibits 50% of global protein synthesis sup-
ports the above-mentioned argument. The subsets of mR-
NAs regulated by mimosine through elF5A and elF3 p170
potentially encode proteins, such as p27, important for
cell cycle progression. However, how elF3 p170 and eIF5A
regulate specifically the translation of these subsets of
mRNAs is not clear. It is possible that p170 can bind to the
5'-UTR of mRNAs and different secondary structures of
the 5-UTR sequence have different responses to p170
level. Although p170 does not have an obvious RNA-
binding motif, it has been shown that p170 can bind to
mRNAs (Block et al., 1998; Buratti et al., 1998). It has also
been reported that the translation of p27 mRNAs is reg-
ulated (Agrawal ef al., 1996; Hengst and Reed, 1996; Mil-
lard et al., 1997), and the U-rich element in the 5-UTR
sequence is necessary for the translational regulation
(Millard et al., 2000). The proteins that directly interact
with this U-rich element have been identified by cross-
linking experiments to be HuR and hnRNP C1/C2 (Mill-
ard et al., 2000). Whether p170 is involved in binding to
this U-rich sequence in the hnRNP complex remains to be
determined. It is also possible that p170 indirectly con-
trols p27 translation by regulating translation of mRNAs
of the hnRNP complex.

The finding that p170 regulates the de novo synthesis of
tyrosinated a-tubulin is interesting. It has been postulated that
elF3 p170 binds to tubulin (Bachmann et al., 1997; Scholler and
Kanner, 1997). Indeed, it has recently been shown that the yeast
homolog of mammalian eIF3 p170, Rpglp, bound to microtu-
bules and coimmmunoprecipitated with a-tubulin (Hasek et
al., 2000) and to actin-associated protein Sla2p (Palecek et al.,
2001). Mammalian eIF3 p170 was also found in microtubule
preparations (Shanina et al., 2001). We also found that human
p170 could coimmunoprecipitate with tyrosinated a-tubulin
(our unpublished observations). In addition, mammalian eIF3
p170 has been found to interact with membrane-bound micro-
filament (Pincheira et al., 2001a), intermediate filament protein
K7 (Lin et al., 2001), and nerve growth factor receptor tyrosine
kinase TrkA (MacDonald ef al., 1999). These findings suggest
that p170 may have functions in addition to its putative role in
translation initiation. One possible function of p170 may be in
controlling localized synthesis of proteins. For example, regu-
lated synthesis of tyrosinated a-tubulin on microtubules will
provide immediate control of a-tubulin level for microtubule
formation. a-Tubulin is known to have a feedback inhibition
mechanism of its de novo synthesis (Gonzalez-Garay and Ca-
bral, 1996). P170, by binding to tyrosinated a-tubulin that nor-
mally exists as dimers and not found in microtubule, may
mediate the feedback mechanism to regulate the synthesis and,
thus, the level of a-tubulin and microtubule.

Currently, it is not known what other mRNAs are under
p170 control for translation. However, translation of some
mRNAs known to be affected by mimosine may be mediated
by p170. It has been reported that mimosine inhibited the
duplication of centrosomes in mammalian cells (Matsumoto
et al., 1999). Because y-tubulin is a conserved component of
the centrosome and is required for the initiation of microtu-
bule assembly (Jeng and Stearns, 1999; Schiebel, 2000) and
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because p170 contains a centrosomin domain (Pincheira et
al., 2001b), it is possible that p170 also controls the transla-
tion of y-tubulin. Recently, P-glycoprotein expression was
found to increase after mimosine treatment of prostate can-
cer cells (Wartenberg et al., 2002). Thus, the translation of
P-glycoprotein mRNA may be under p170 control.
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