Zinc-regulated ubiquitin conjugation signals endocytosis of theyeast ZRT1 zinc transporter
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The yeast ZRT1 zinc transporter is regulated by zinc at both transcriptional and
post levels. At the por ional level, zinc inactvates ZRT1 by
inducing the removal of the protein from the plasma membrane by endocytos's. The
zinc transporter is subsequently degraded in thevacuole. This regulatory system
allowsfor the rapid shutoff of zinc up(ake activity in cells exposed to high zinc,

thereby preventi ially toxic metal. In this report,
le of ubiquiti in this pra First, we show that
ZRT1 s ubiquitinated shortly after zinc treatment and prior to endocytosis. Second,
Jtat yjugation pathway, specifically

the RSP5 ubiquitin-protein ligase and the UBC4 and UBCS ubiquitin conjugating
enzymes, inhibit both ubiquitination and endocytosis. Finally, mutation of aspecific

in ZRT1 blocks both ubi and Thiscritical
\ysne K195, is located in a cytoplasmic loop region of the protein and may be the
residue to which ubiqitin is attached. These resuts demonstrate that ubiqitin con-
jugation isacritical step in the signal transduction pathway that controls the rate of
ZRT1 endocytoss in response to zinc.
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) W (sares) s endé mutan (circls) ools expressing HA-taged ZRT L were grown (0 exponen-
tial phase. The cells were harvested and resuspended in media with 100 ng/ml cyclohexamide

either 2mM ZnCl ; (+Zn, closed symbols) or 1 mM EDTA (-Zn, open symbols).” At the indicated times,
cells were harvested and assayed for Zn uptake rate.

B) Total cell from cells grown in A and analyzed by
immunoblotting. Modified forms of ZRT1 are indicated by arrowheads and the postion of molecular-
mass markers are shown on the right.

ZRT1 is ubiquitinated in response to zin
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Wild type cells expressing HA-tagged ZRT1 or wild type ZRT1 and either myc-tagged ubiquitin or
Wild type ubiouitin were harvesiea o zeotime andinaesicia 1o e unth zarﬁrgw ZnCiy (Zn)or
1mM EDTA (-Zn) for i mes. C

using anti-HA antibodies and analyzai by immunoblotting using anti-HA or anii-myc antibodies
Modified forms of ZRT1 the position of

shown on theright.
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A) Wild typeand rsp5 mutant cells expressing HA-tagged ZRT1 were grown to expo-
nential phase. Thy and in medium with

100 mg/mi i 2mM ZnClz. A times, total cell homoge-

netes were prepared and andyzed by lmmunublomng Modified forms of ZRT1 are

indicated by ar

E)Cd\gr(mn nd assayed for Zn-uptak Filled
es, Zinc-1 trmedwl\dty oells filled circles, zinc treated rsp5 cells. Daaomansd

for wild type cells incubated without zinc are shown for comparison; uptake ratesin

zinclimited rsp5 cells were similar.

UBC4 and UBC5 E2 enzymes are responsible for
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) Wild type ubos, e and ubcd/ubcs mutant odls expressing pitope tagged ZRT1
were grown to exponential phase in medium containing 1 mM EDTA. The cells were
hervestd and resspened in medim stplemented it 100 g/l cycohexcide

and2mM ZnCl,. At times, total cell
adyzedy immuncboting,
B) Cal grown as describeetfor A were harvested and asseyed for Zn-uptake

Symbols rewila type illed squares, ubel (e crces) iy e tiongleg and
ubc? (X). Data obiaine from wild type cell incubated withos zinc are shown for
sof ubc
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A) The amino acid sequence of wild-type and mutant ZRT1 proteins between transmembrane domains

3and 4. The potential metal binding domain is underlined.

B) Wild ype clls expresing wild typeor mutant ZRT! aleswere grown to xponente phase The
edi 00 ny/ml

mM ZnCl. At times, total cell and andlyzed by
immunoblotting.
C) Cells, grown forB

itk
type (filled squares), K154R (filled triangles), K154R/K167R (mlm circles) and KlQSR (X). Data
s from celfs expressing the wild e froten ncubeted with Zn (open seres) are oo shown
for comarison; analys
lar results.

Model for Zinc-inducted ZRT1 Inactivation
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Previously, we identified the high-affinity zinc transporter from S cerevisiae, ZRTL, and demonstrated
that it is rapidly endocytosed in responseto zinc. Here we show ZRT1 is ubquitinated prior to
endocytos's, probably sending the ZRT1-ubiquitin complex through an endosome-mediated degradtion
process.

Future Applications

Many other organisms, including plants like Arabidopsis thaliana,
contain metal transporters similar to ZRT1. For example, the Arabi-
dopsis root-specific iron regulated transporter IRT1 is also post-
transcriptionally regulated, perhaps by similar mechanisms. The
knowledge we gain from studying these transporters in the model sys-
tems Sacharomyces cerevisiae and Arabidopsis thaliana will help us
design plants that can readily take up metals from contaiminated soils
in a process termed phytoremediation. Humans have transporters sim-
ilar to ZRT1 and IRT1 so ultimately our research will lead to a better
understanding of metal ion uptake and homeostasisin humans. Such
an understanding is essential for assessing the risk to human health
from exposure to ingested metals.



