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Abstract: The goa of my rotation project was to express, purify, and examine the exchange activity
of a putative guanine nucleotide exchange factor, Atslp. The S. cerevisiae ATSL gene encodes aprotein
with homology to the guanine nucleotide exchange factor for Ran, Prp20p. My approach wasto use an
established purification protocol and exchange assay to determine whether Atslp, like Prp20p, actsasa
nucleotide exchange factor for Ran. Both the Atsl protein and the control exchange factor Prp20p have
been expressed and purified and are ready to be tested in an established activity assay.

All macromolecules that moveinto and out of the nucleus transit the nuclear envelope vialarge
protei naceous complexes termed nuclear pores (1). These nuclear pore complexes essentially serve as
channels that perforate the double membrane that surrounds the nucleus. Transport substrates do not,
however, flow freely back and forth through the nuclear pores. The traffic through these channelsis
meticulously regulated by a number of soluble factorsthat are required for both import and export of
substrates from the nucleus (2). The most central of these soluble factorsis the small GTP-binding
protein Ran which isrequired for virtually al substratesto traverse the nuclear pore (3).

Aswith other cellular G-proteins, Ran cycles between a GTP-bound and a GDP-bound state.
Therate of GTP hydrolysis by isolated Ran protein is extremely slow (4). Inthe cell, several accessory
factors enhance the rate at which Ran cycles between the two nucleotide-bound states. The GTPase
activating protein (GAP) for Ran isthe Rnal protein which stimulates the rate at which Ran hydrolyzes
GTPto GDP (5). The guanine nucleotide exchange factor (EF) for Ran is the Prp20 protein which
stimulates the release of GDP from Ran (6). The concerted action of these two Ran regulatory proteins
allows Ran to cycle rapidly between the GTP- and the GDP-bound states.

Many current models for how directional transport of substrates into and out of the nucleusis
achieved rely heavily on the absolute cellular compartmentalization of the Ran GAP and EF (7). While
Ran islocated throughout the cell (8), the GAP is primarily confined to the cytoplasm (9) and the EF is
confined to the nucleus (10). The localization of these proteins suggests that Ran is mostly in the GDP-
bound state when it isin the cytoplasm due to the action of the GAP. In contrast, logic would dictate that
Ran should be mostly in the GTP-bound state within the nucleus due to the activity of the EF. This
distribution of Ran-GTP and Ran-GDP melds nicely with adirectional model in which Ran-GDP initiates
import of proteinsinto the nucleus and Ran-GTP causes the rel ease of these proteins to the nuclear
interior. Thismodel has never been directly tested because it is difficult to determine what the nucleotide-
bound state of Ranisin vivo in any specific cellular compartment.

Obvioudly the model described above is dependent on the presence of only the defined Ran
regulators, Rnalp and Prp20p. However, the compl ete sequencing of the S. cerevisiae genome has
revealed that there are at least two yeast genes that encode proteins with significant homology to Prp20p.
One of these genes, ATSL, was identified several years ago as an al pha-tubulin mutant suppressor (11)
although subsequent experiments have not revealed any direct connection to alpha-tubulin. The goa of
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thiswork was to use a biochemical approach to determine whether the Atsl protein might serve asa
guanine nucleotide exchange factor for Ran.

Methods and Results
The Atsl protein was expressed with an N-terminal 6-Histag. In the past, the Corbett |aboratory

has used a 6-His tagged version of the Prp20 protein and Hindl11 0.10
found that the tag does not interfere with the exchange '
activity. The expression plasmid for Atslp was generated by

BamHI 1.20
amplifying the ATS1 coding region by PCR with Vent N~ Xhol 1.22
polymerase (New England Biolabs) using oligos AC135 and § AMP T7 Region

PET-15b Ats1 p

136 engineered with a5’ -BamH| site and a 3'-Hindl | site, (6.80 Kb)

respectively. The template used for the PCR was the plasmid
pAC214 which contains the genomic ATS1 clone. The
resulting PCR product which was the expected 1.1 kb in Figure 1. Schematic of Atsip
length was digested with BamHI and Hindlll and cloned into |expression plasmid.
the expression plasmid pET15b to generate pAC341 (Figure 1). Cloning was confirmed initially by
miniprepping and finally by sequencing the entire open-reading frame of the ATS1 gene including the N-
terminal 6-Histag. For control exchange experiments the Prp20p protein was expressed from the
existing expression construct pAC215. Purified Ran protein was already available in the laboratory.

Both the pAC341 (Atslp) and the pAC215 (Prp20p) expression plasmids were transformed into
BL21 (DES3) cells. Two transformants were chosen for each protein. These transformants were
inoculated into 2 ml overnight cultures of Luria Broth containing 100 pg/ml ampicillin (LB-AMP) and
grown to saturation. In the morning, the overnight cultures (2 ml) were inoculated into separate 500 ml
cultures of LB-AMP. These cultures were grown at 30°C with shaking until they reached an OD600 of
0.375. Cultures were then induced with .5 mM isopropylthio-b-D-galactoside (IPTG). One ml samples
of the cultures were collected just prior to the addition of IPTG and then at one hour intervals until athree
hour induction was completed. Following the three hour induction, the E. coli were pelleted by
centrifugation at 6000Xg for 15 min at 4°C. Pellets were then stored at -20°C until needed.

To assay protein expression in the induced E. coli, the one ml samples were analyzed by SDS-
PAGE (12) to determine whether a band of the appropriate size was induced. Each of the one ml
samples was pelleted in a microcentrifuge and then resuspended in 50 pl (no induction), 100 yl (1h
induction), 150 yl (2h induction), and 200 pl (3h induction) of protein sample buffer (50 mM Tris-HCl,
100 mM dithiothreitol, 2% SDS, 0.1% bromophenol blue, 10% glycerol, pH 6.8) to compensate for the
increasein cell number during the logarithmic growth of the culture. Cell pellets were lysed by boiling at
100°C for 10 min in sample buffer. Samples (10ul/lane) were then loaded onto a 10% polyacrylamide
gel. Following electrophoresis, proteins were visualized by staining with coomassie brilliant blue. As
shown in Figure 2 both of the Prp20p samples induced a band corresponding to the expected size of 6-
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His-tagged Prp20p (~47 kDa) following a three hour induction. In the case of the Atslp samples only

one culture induced a band

of ~38 kDa that corresponds to the

expected size of 6-His-tagged Atslp. 1%) = —_ == = =

Immunoblotting was used to confirm that the bands 50— — — — — —

100— observed correspond to the Prp20and 40— | = EE —

70— Atsl proteins. A commecidly V—|=====

9=| === | avalable anti-His antibody (Qiagen) (“f[\)’;) - — — =

wo—| —— was used to blot samples that were 12 .3 4 >
et resoved by SDSPAGE and | oy T chon,

1 2 34 5 transferred to nitrocellulose by |Lanes?2 & 3, Prp20p 3h induction;

standard methods (13). Bands corresponding to the predicted

Lanes4 & 5, Atslp 3 hinduction.

size for both 6 His-Prp20p and 6-His-Atslp are recognized by the anti-

Figure 3. Detection of
induced proteins by
anti-His Antibodies.
Lane 1, no induction;
Lanes2 & 3, Prp20p 3h
induction; Lanes4 & 5,
Atslp 3 hinduction.

His antibody (Figure 3).

The protocol for purification of the 6-His tagged proteins was
essentially as described in for the Invitrogen X-press system protein
purification protocol. This protocol has been used successfully by the

Corbett laboratory in the past to express functional 6-His-tagged Prp20p.

Pellets corresponding to the expressed Prp20p and Atslp were resuspended in 10 ml native binding
buffer (20 MM NaPO,. pH 7.8, 500 mM NaCl). Cells pellets were lysed by five 30 s pulses with a
Biosystems microprobe sonicator. Soluble and insoluble fractions were separated by centrifugation at
6000X g (5000 RPM in the GSA rotor) for 15 min at 4°C. The supernatant was then poured into a new
bottle and recentrifuged to remove any particulate matter. This soluble fraction was then analyzed as

described above for the presence of the recombinant Prp20p and Atslp. Previous experimentsin the

laboratory suggested that both proteins were soluble under these conditions and this was confirmed (See

Figure 4).

In order to purify the tagged proteins, the soluble fractions from both proteins were bound in

batch to 1 ml Ni-NTA agarose (Qiagen) that had been pre-equilibrated in
native binding buffer. Binding was carried out in a 15 ml conical tube at
4°C for one hour. The matrix was then pelleted by a5 min spin at
1000Xg. Non-specific proteins bound were removed by three 10 ml
washes with wash buffer (20 mM NaPO,, pH 6.0, 500 mM NaCl).
These washes were followed by a single wash with stringent wash

100—

30—
MW
(kDa)

1 2 34 5

buffer (20 mM NaPO,, pH 5.5, 500 mM NaCl). Samples were
then eluted by incubation with 2 times 2 ml of elution buffer for 10
min each (20 mM NaPO,, pH 4.0, 500 mM NaCl). These samples
were pooled and concentrated with Centriprep-30 (Amicon, Inc.).
Final protein concentrations were determined using the Bio-Rad

Figure 4. Silver stained gel of
purified proteins. Lanel,

uninduced lysate; Lane 2, induced
Prp20p lysate soluble fraction; Lane
3, purified 6-His-Prp20p; Lane 4,
induced Atslp lysate soluble fraction;
Lane5, purified 6-His-Atslp
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protein assay using purified BSA as a standard. Purity was also assessed by anayzing the final
concentrated samples by SDS-PAGE followed by silver staining (Figure 4).

Discussion

The Atsl protein shares structural motifs termed RCC1 signature sequences with the known
nucleotide exchange factor for Ran, Prp20p (11). The goal of the proposed experiments was to
determine whether Atslp, like Prp20p, can serve as a nucleotide exchange factor for Ran. These
experiments have important implications for determining whether RCC1 signature sequences suggest a
specific interaction with Ran or another G-protein. The only two RCC1 signature containing proteins
that have ever been biochemically characterized are the mammalian nucleotide exchange factor for Ran,
RCC1, and the S. cerevisiae homologue, Prp20p. No function has been ascribed to any other protein
that contains these motifs. The outcome of these experiments might indicate whether these motifs are
specific for interactions with Ran or whether they merely implicate a protein in an interaction with a GTP-
binding protein. Finaly, it isalso possible that these motifs are unrelated to the exchange activity and are
indicative of some other unidentified protein function. The latter hypothesis seems somewhat unlikely as
the crystal structure of the human RCCL1 protein was recently solved and the structural analysis revealed
that the seven RCC1 motifsin the RCC1 protein form the basis for the overall protein fold (14).

The purified expressed proteins are now available for carrying out an assay for nucleotide
exchange on Ran. The experiment will be conducted in the following manner which is essentialy as
described by Bischoff and Ponstingl (6). Purified Ran protein will be incubated with [*H]GDP. This
charged Ran will then be incubated with various amounts of either buffer, Prp20p, or Atslp over atime
coursein the presence of excess unlabeled GTP. The amount of exchange that occurs will be quantitated
by afilter binding assay. At each time point a portion of the reaction will be vacuum filtered through a
0.45 um nitrocellulose filter. Protein will bind to the filter while free nucleotide will pass through.

Thus, any protein associated radioactivity will remain bound to the filter and can be quantitated by
scintillation counting. Rates of exchange will be determined by plotting timevsIn (C/C,) where C=
number of counts at any particular time point and C,= number of counts at time zero.

Three outcomes are possible for the exchange assay: 1) Atslp may not stimulate nucleotide
exchange on Ran; 2) it may stimulate aswell or better than Prp20p (~10°-fold); or 3) it may stimulate the
exchange activity but not aswell as Prp20p. If Atslp does not stimulate guanine nucleotide exchange on
Ran this might suggest either that Atslp is not an exchange factor or that it is specific for some G-protein
other than Ran. If thisisthe outcome of the assay, it will also be necessary to consider the possibility
that the recombinant epitope-tagged Atsl proteinis not functional. Thisis currently extremely difficult to
test asthere are no activities yet known for Atslp. If Atslp iscomparable to Prp20p at stimulating
exchange on Ran, it will be necessary to carry out in vivo experiments to determine whether Atslp does
acton Raninvivo. Finadly, if Atslp has an intermediate ability to enhance the exchange rate on Ran, this
could suggest that Atslp isindeed an exchange factor for a G-protein but perhaps Ran is not itsin vivo
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target. Alternatively, it would again be necessary to consider the fact that the assays are being carried out
with arecombinant protein that may not retain its full functionality. Regardless of the results, these
experiments should lend insight into the function of Atslp.

Asacomplement to this biochemica approach future experiments in the Corbett laboratory will
use a genetic approach to characterize thein vivo role of Atslp. The laboratory has generated a deletion
strain that lacks the ATS1 gene and this strain will be used as the basis for a synthetic lethal screen. The
combination of these genetic and biochemical approaches should ultimately identify anin vivo role for
Atslp.
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