ation and editing activities. The antico-
don stem-loop of tRNA" was introduced
into tRNAV2/SAU - Although this con-
struct, like tRNAV/CGAU has an amino-
acylation activity within about twofold
that of native tRNA!®, it was not active in
triggering the editing reaction (Fig. ZA).
Similarly, introduction of the acceptor
stem of tRNAM into tRNAV2VCAU yielded
a molecule active for aminoacylation but
not for editing.

The acceptor stem of tRNAY?! was com-
bined with the remaining three-quarters of
tRNAe and the resulting molecule was al-
most fully active in both aminoacylation and
editing (Fig. 2B). Thus, the origin of the
acceptor stem, whether tRNA or tRNAV2,
does not affect editing. Instead, the nucleo-
tides required for editing reside in part or all of
the D-loop (the sequences of the D-stem of
tRNA" and tRNAVY2 are identical) or the
TC-stem-loop of tRNA!, To test this hy-
pothesis, we installed the D-loop from
tRNA® into tRNAYVCGAU by changing three
nucleotides (including an inserted nucleotide)
of tRNAVA/GAU This construct was nearly
fully active in aminoacylation and editing
(Fig. 2B). Thus, a D-loop swap was sufficient
to trigger the editing response but had little or
no effect on the aminoacylation function.
Next, we introduced the D-loop of tRNAV
into native tRNA"®. This molecule was al-
most fully active in aminoacylation but was
inactive for editing (Fig. 2B). Therefore, re-
gardless of whether the core framework is
derived from tRNA" or t(RNAV2VCAU the
sequence of the D-loop is sufficient to trigger
the editing response.

The D-loop interacts with the TyC-loop
to form the comer of the two-domain L-
shaped tRNA molecule (15-17) (Fig. 3). In
this location the D-loop is positioned to be
sensitive to simultaneous synthetase interac-
tions with the anticodon and with the amino
acid attachment site. This positioning may
function in matching an amino acid with its
corresponding anticodon. The editing system
displays a high degree of specificity for a par-
ticular D-loop sequence which, in turn, might
mediate a subtle conformational change that
is necessary for triggering the editing response.
This corner of the tRNA molecule is highly
differentiated and might play a role in a
protein-discrimination reaction (17). One
possibility is that the large insertion into
the active site of [1eRS (referred to as CP1)
interacts with this corner of the tRNA
structure. This insertion is known to func-
tion in editing (10, 18).

REFERENCES AND NOTES

1. T. Muramatsu et al., Nature 336, 179 (1988).

2. L. H. Schulman, Prog. Nucleic Acid Res. Mol. Biol.
41, 23 (1991); R. Giegé, J. D. Puglisi, C. Florentz,
ibid. 45,129 (1993); M. E. Saks, J. R. Sampson, J. N.

1252

Abelson, Science 263, 191 (1994).

3. A N. Baldwin and P. Berg, J. Biol. Chem. 241, 839
(1966).

4. L. Pauling, in Festschrift fuer Prof, Dr. Arthur Stoll
Siebzigsten (Birkhayser-Verlag, Basel, Switzerland,
1958), pp. 597-602.

5. E. Schmidt and P. Schimmel, Science 264, 265
(1994).

6. H. Jakubowski and E. Goldman, Microbiol. Rev. 56,
412 (1992); R. B. Loftfield, Biochem. J. 89, 82
(1963).

7. A.R. Fersht and C. Dingwall, Biochemistry 18, 2627
(1979).

8. A. Fersht, in Enzyme Structure and Mechanism
(Freeman, New York, ed. 2, 1985), pp. 347-368.

9. E. W. Eldred and P. Schimmel, J. Biol. Chem. 247,
2961 (1972).

10. L. Lin, S. P. Hale, P. Schimmel, Nature 384, 33
(1996).

11. E. Schmidt, thesis, Massachusetts Institute of Tech-
nology, Cambridge, MA (1996), pp. 120-122.

12. S.P.Hale, D. S. Auld, E. Schmidt, P. Schimmel, data
not shown.

13. The tRNA genes were constructed by extension of
complementary oligonucleotides with Sequenase (U.S.
Biochemical Corp., Cleveland, OH) followed by restric-
tion and ligation into the Eco Rl and Bam Hi cloning sites
of the phagemid pDSH100 (79). Phagemid pDSH100
allows for the in vivo overexpression of tRNA genes from
alac-inducible tac promoter. The Escherichia coli strain
TG1 was used as a host strain for the in vivo expression
of tRNAs. Cultures induced by isopropyl-B-b-thiogalac-
topyranoside were subjected to acid-buffered phenol
extraction (20), followed by isolation of total tRNA by
anion-exchange chromatography on Nucleobond AX-
500 cartridges (Macherey-Nagel, Duren, Germany).
Fractionation of tRNA was accomplished by reversed-
phase high-performance liquid chromatography with a
C4 column (Vydac, Hesperia, CA). Total tRNA samples
were loaded onto the C4 column in 50 mM 2-[morpho-
lino]-ethane sulfonate (pH 6.5), 1 M NH,SO,, 0.75%
isopropanol, and eluted with a linear gradient of 50 mM
2-[morpholino]-ethane sulfonate (pH 6.5), 0.75% iso-
propanol. Pooled fractions were exchanged into 10 mM
tris-HCI (pH 7.5), 1 mM EDTA and concentrated with

Centricon-10 concentrators (Amicon, Beverly, MA).
Purity of tRNA'"® was determined by polyacrylamide
gel electrophoresis, Northern (RNA) blot analysis
(79), and isoleucine acceptance 27). A 25 cm by 16
cm (1 mm thick) gel was cast with 12% acrylamide
(29:1 acrylamide:bis-acrylamide in tris-borate EDTA
buffer containing 8 M urea). The appropriate tRNAs
(~3 pg) were loaded onto the gel and subjected to
electrophoresis at 180 V for 18 to 20 hours. The gel
was blotted with positively charged Qiabrane nylon
membrane (Qiagen, Germany) by placing it in a wet
Whatman filter-paper sandwich and dried at 80°C for
2 hours. The gel was then washed in 5X Denhardt's
reagent-5X SSC [75 mM sodium citrate (pH 7.0),
750 mM sodium choloride] 0.5% SDS for 2 hours at
37°C. Then, 5 to 20 pmol of 32P-labeled oligonucle-
otide complementary to either wild-type tRNA'® or to
a particular chimeric tRNA was added, and hybrid-
ization was allowed to proceed overnight at 37°C.
The blot was then washed with 2X SSC-0.1% SDS
for 15 min followed by 1X SSC-0.1% SDS for 15 min
at ambient temperature. The bands were visualized
with a Molecular Dynamics Phosphorlmager.

14, O. Nureki et al., J. Mol. Biol. 236, 710 (1994).

15. J. D. Robertus et al., Nature 250, 546 (1974).

16. S. H. Kim et al., Science 185, 435 (1974).

17. J. E. Ladner et al., Proc. Natl. Acad. Sci. U.S.A. 72,
4414 (1975).

18. E. Schmidt and P. Schimmel, Biochemistry 34,
11204 (1995).

19. D. Hipps and P. Schimmel, EMBO J. 14, 4050
(1995).

20. U. Varshney, C.-P. Lee, U. L. RajBhandary, J. Biol.
Chem. 266, 24712 (1991).

21. Escherichia coli isoleucine tRNA synthetase was iso-
lated and aminoacylation assays were done as de-
scribed (22). Valine-dependent tRNA-induced edit-
ing assays were done as described (23).

22. A. Shepard, K. Shiba, P. Schimmel, Proc. Natl.
Acad. Sci. U.S.A. 89, 9964 (1992).

23. S. P. Hale and P. Schimmel, ibid. 93, 2755 (1996).

24, Supported by grant GM15539 from the NIH. S.P.H.
is an NIH postdoctoral fellow.

21 January 1997; accepted 7 April 1997

Ndj1p, a Meiotic Telomere Protein Required
for Normal Chromosome Synapsis
and Segregation in Yeast

Michael N. Conrad, Ana M. Dominguez, Michael E. Dresser*

The Saccharomyces cerevisiae gene NDJT (nondisjunction) encodes a protein that ac-
cumulates at telomeres during meiotic prophase. Deletion of NDJ7 (ndj7A) caused
nondisjunction, impaired distributive segregation of linear chromosomes, and disordered
the distribution of telomeric Rap1p, but it did not affect distributive segregation of circular
plasmids. Induction of meiotic recombination and the extent of crossing-over were
largely normal in ndj7A cells, but formation of axial elements and synapsis were delayed.
Thus, Ndj1p may stabilize homologous DNA interactions at telomeres, and possibly at
other sites, and it is required for a telomere activity in distributive segregation.

Efficient segregation of chromosomes in
meiosis is required for haploidization. In a
screen for yeast genes that control meiotic
chromosome segregation, we identified
NDJI by its ability to interfere with this
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process when overexpressed (1). NDJI cor-
responds to the open reading frame
YOLI104c from chromosome XV (2). The
predicted Ndjl protein comprises 352 ami-
no acids and shows no significant similari-
ties to other proteins. NDJ1 was previously
identified as the sporulation-specific gene
M45 (3). A 1.4-kb NDJI mRNA was de-
tected by Northern blot analysis in yeast
cells early in meiosis, but it was not detect-
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ed in vegetative cells (4).

Deletion of NDJ1 (ndjIA) reduced
sporulation efficiency (73 versus 88%), in-
creased the number of asci with one or two
versus three or four spores (15 versus 7%),
and reduced spore viability (Table 1) (3), as
compared with the wild type. Furthermore,
in ndjIA homozygotes, the frequency of
spores disomic for chromosome III in-
creased 25-fold from wild-type values of
(7.0 £ 0.6) X 10™*%, consistent with previ-
ous measurements (5), to (1.8 = 0.2) X
10~2. Thus, NDJ1 is required for efficient
segregation of chromosomes in meiosis.

Efficient orientation of chromosomes at
meiosis | generally requires crossing-over
and chiasma formation (6, 7). However,
there was no consistent difference between
wild-type and ndj1 A cells in the final extent
of crossing-over or crossover interference
(Table 2), or in the kinetics and yields of
gene conversion events (Fig. 1A). Thus,
recombination pathways are largely intact
in ndj1A cells.

To determine the type of segregation
errors in ndjIA cells, we studied the segre-
gation of homologous or heterologous pairs
of yeast artificial chromosomes (YACs) (8).
In wild-type cells, the homologous YAC
pair undergoes recombination and disjunc-
tion at a frequency similar to that for gen-
uine yeast chromosomes, whereas the het-
erologous YAC pair does not recombine but
nevertheless undergoes disjunction at mei-
osis I (Table 3) (8, 9) by distributive segre-
gation, which in yeast is less efficient than

Table 1. Spore viability. The ndj1A::TRP1 con-
struct (ndj74A), which results in the removal of ami-
no acids 14 to 252 from Ndj1p, was introduced
into haploid strains MDY431 and MDY433 (18),
which were then allowed to mate and sporulate.
Spore viability was determined from dissected tet-
rads. Vb, viability.

Tetrads withOto 4

Geno- No. viable spores (%) Vb
of tet-
type rads (%)
o 1 2 3 4
NDJ1 215 1 1 3 18 77 92
ndjitA 317 14 12 21 19 33 62

Table 2. Crossing-over and interference. ndj7A was introduced into haploid
strains MDY431 and MDY433, which were then allowed to mate and sporu-
late as described in Table 1. Data from tetrads with four viable spores were

chiasmate segregation (8, 10). Disjunction
of heterologous YACs was markedly re-
duced in ndjIA cells (Table 3) (random

segregation would be 50%), establishing

Fig. 1. Timing of genetic

-
e
[

that NDJ1 is required for their distributive
segregation. Increases in precocious sister
separation (PSS) and double precocious sis-
ter separation (PSSX2) as well as in meiosis

and cytological events. § A 1001B
(A) Commitment to in- 5 109 80
tragenic recombination. > =
Wild-type MDY431x433 &, 4 Z 60
(18) (closed symbols) and 2 3 0
an isogenic derivative ho- g 2
mozygous for ndffA: B 10 20
TRP1, MCY422x423 2
a 106 0
(open symbols), were 0 5 10 15 20 25 5 7 9 "
shifted into sporulation Time (hours) Time (hours)
medium at time zero. Af-
ter the indicated intervals, 100{C 1001p
samples were plated on 80 80
selective media to assay % -
gene conversion at het- < 60 2 60
eroallelic loci, HIS7 (cir- 2 ]
ces) and LEUT (rian- 2 4 34
gles), by production of 20 20
prototrophs. Values are 1
corrected for viability dif- ¢ 3 5 P 0 "% 12 16 20 24
ferences assayed by Time (hours) Time (hours)

control platings on com-

plete medium. Similar results were obtained with LYS2 and TYR7. (B and C) Meiotic chromosome
structures as analyzed by electron microscopy of silver-stained spread preparations (7 7). Fifty nuclei were
examined per time point, and the percentage of those in or beyond the stage at which axial element
formation (B) or synaptonemal complex formation (C) has initiated was determined. Values are slightly
inflated by loss of more fragile vegetative cells during treatment with Zymolyase (ICN). (D) Cells that had
completed the first meiotic division were identified by staining of whole cells with 4’,6’-diamidino-2-
phenylindole. The percentage of cells in or beyond the stage at which chromosomes have divided into two
distinct masses was determined. (B through D) Closed symbols, wild type; open symbols, ngj7A.

Fig. 2. Electron micro-
graphs of silver-stained
spread preparations (77). (A)
Accumulation of unsyn-
apsed axial elements (single
lines) in an ndj7A cell, even
though synapsis (paired
lines separated by a uniform
spacing) is complete for
some chromosome pairs in
this zygotene nucleus (6
hours after shift to sporula-
tion medium). Complete du-
plication of the SPB, as

shown here (small arrow-

head), is normally accompanied by complete synapsis in wild-type cells. (B) Nuclei in ndj7A cells with
apparently complete synapsis (pachytene) have polycomplexes (one of six indicated by larger arrow-
head) (10 hours after shift to sporulation medium). Small arrowhead as in (A). Bar, 2 pum.

used to calculate map distances [in centimorgans (cM)] on chromosomes VI,
Il, and V as indicated (79). Coefficients of crossover coincidence, a measure
of interference, are presented between the map distances.

No. Vil I \
Geno- of

type tet- LEU1- Inter- CYH2- Inter- MET13- LYS2- Inter- TYR1- CANT1-
rads CYH2 ference MET13 ference ADES TYR1 ference HIS7 URA3

(cM) (cM) (cM) (cM) (cM) (cM)

NDJ1 165 56 0.17 15 0.08 62 48 0.19 60 38

ndj1A 106 49 0.31 14 0.15 83 43 0.10 60 53
www.sciencemag.org SCIENCE « VOL. 276 = 23 MAY 1997 1253
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II errors of homologous YACs were also
observed in ndjlA cells (Table 3). In con-
trast to the behavior of linear YACs, dis-
tributive segregation of a pair of circular
chromosomes was not impaired in ndjlA
cells (Table 3).

Multiple cytological abnormalities were
apparent in ndjIA cells. Initiation of the
formation of axial elements (Fig. 1B) and of
synapsis (synaptonemal complex forma-
tion) (Fig. 1C) was delayed, even though
the kinetics of spindle pole body (SPB)
duplication were similar to those of wild-
type cells (4). Completion of synapsis was
further delayed, resulting in abnormal nu-
clei with fully duplicated SPBs but incom-
plete synapsis (Fig. 2A) and, finally, in
nuclei with apparently complete synapsis
and polycomplexes (accumulations of syn-

aptonemal complex material common in
nuclei delayed in meiotic prophase) (Fig.
2B). Cells completing the first meiotic di-
vision appeared after a total delay of 4 to 6
hours (Fig. 1D). There was no abnormal
accumulation of cells in the first division,
and the second division was completed after
the normal delay between the first and sec-
ond divisions (4).

To determine the location of Ndjlp,
we replaced the wild-type NDJI gene with
a version that encoded the hemagglutinin
(HA) epitope at the 3’ end of the coding
sequence. The extents of sporulation and
spore viability for an NDJ1-HA homozy-
gote were similar to those of the wild type.
Spread preparations of meiotic nuclei (11)
from an NDJI-HA homozygote were
stained with a monoclonal antibody to the

Table 3. Segregation of tester chromosomes. Data are the percentage of tetrads per class and, in

parentheses, the actual number scored. The assays for segregation errors were performed as described
with yeast strains containing homologous and heterologous linear human YACs (pairs A and F) (8). Each
YAC contains a specific centromere marker whose segregation can be monitored relative to the
segregation of a centromere marker on chromosome VI. Circular centromere plasmids were pMCB248,
arandomly cloned 8.1-kb Bam HI fragment from chromosome Xlll in pRS314, and pMCB249, arandom
6.8-kb Bam HI fragment from chromosome XIV in pRS316. Their segregation was assayed in the same
strain background as for the linear YACs. The classes of segregation errors are (i) nondisjunction, both
YACs or plasmids go to the same pole at the first division; (i) PSS (precocious sister separation), sister
chromatids of one YAC or plasmid segregate to opposite poles at meiosis I; (i) PSSx2 (double
precocious sister separation), sister chromatids from both YACs or plasmids separate prematurely; and
(iv) abnormal meiosis Il, chromosome loss or nondisjunction at the second division results in one pair of
sister spores with normal segregation and the other pair with one member missing a YAC or plasmid.
Significant effects (G test) of ndj1A were detected for the disjunction of heterologs [G = 9.97; 1 degree
of freedom (df); P < 0.005], combined PSS and PSSX2 of homologs (G = 4.53; 1 df; P < 0.05), and

meiosis |l errors of homologs (G = 3.75; 1 df; P = 0.05).
Linear Circular
Type of division Homologous Heterologous

NDJ1 ndj1A NDJ1 ndj1A NDJ1 ndj1A
Meiosis I* Disjunction 100 (45) 99(106) 89(34) 62(43) 80(28) 86(55)
Nondisjunction 0 (0 1 (1) 11 (4 38@6) 20 (7) 14 (9
Meiosis | Non-PSS 100(45) 95(107) 83(38 73(©9) 7535 80(64)
PSS 0 0 4 (6 15 (7) 17(18) 23(11) 19(1H)
PSSx2 0 0 1 () 2 (1) 10 © 2 (1) 1 (1)
Meiosis Il Normal 98 (44) 89(101) 91(42) 89(84) 89(42) 85(68)
Abnormal 2 (1) 11 (12) 9 (4 11 (10) 11 (9 15(12)

Total tetrads 45 113 46 94 47 80

*Excludes tetrads with PSS or PSSx2.

Fig. 3. Immunocytological localization of Ndj1p and analysis of telomere

behavior. (A) Pachytene nucleus from an NDJ7-HA
monoclonal antibody 12CA5 (Babco) to the HA epi

ing). No fluorescence signal is apparent in nuclei not containing the HA

1254

homozygote labeled with
tope (yellow-green stain-

HA epitope and visualized by indirect im-
munofluorescence. Ndjlp is abundant at
telomeres (Fig. 3A), suggesting a telomere
function even though it may function at
other chromosomal locations at concen-
trations not readily detected by immuno-
cytology, as do telomere proteins Raplp,
Sir3p, and Sirdp (12, 13).

We examined telomeres directly with
antibodies to Raplp, which binds to sites
in the telomeric DNA repeat sequence
(12, 13). Bivalent ends in wild-type
pachytene nuclei (11) normally show a
single spot of Raplp (Fig. 3B). We detect-
ed 35.4 * 4.0 spots per nucleus (n = 11),
close to the expected value of 32 if the
four telomeres at each bivalent end lie in
close proximity. However, in ndjIA
pachytene nuclei, ends were often marked
by fainter or multiple smaller spots (Fig. 3,
C and D) and nuclei averaged 68.9 + 16.6
spots (n = 21), which was significantly
different from the wild-type value (t test,
P < 0.001) and indicates abnormal telo-
mere organization. This observation is
consistent with a failure in the formation
or the persistence of stable associations
between homologous or sister telomeres in
ndj1A cells.

The ndjlIA phenotype thus includes (i)
delayed formation of axial elements, (ii)
longer delays in the initiation of synapsis
and in completion of the first meiotic divi-
sion, (iii) a defect in telomere localization
of Raplp, (iv) an increased frequency of
nondisjunction and PSS of homologs, (v)
reduced levels of sporulation and spore vi-
ability, and (vi) defective distributive seg-
regation of linear, but not circular, heter-
ologs. Induction of meiotic recombination
is similar to that in the wild type and the
extent of crossing-over is largely normal.
Localization of Ndjlp to the telomeres and
the immunocytological and distributive seg-
regation defects in ndjlA cells suggest that
Ndjlp functions at telomeres, but it is pos-
sible that it also acts interstitially. Some or
all of the defects in ndjIA cells may result

epitope under these conditions. (B through D) Pachytene nuclei from wild-
type (B) and ndj7A (C and D) cells labeled with antibodies to Rap1p (red
staining). Blue staining in (A) through (D) represents 4',6’-diamidino-2-phe-
nylindole-stained DNA. Bar in (D), 1 um.
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indirectly from the delay that begins before
or at the time at which axial elements form,
but we favor a different model.

Taken together, our results suggest that
Ndj1p stabilizes homology-dependent inter-
actions. These interactions may be similar
in properties to the paranemic joins pro-
posed by Weiner and Kleckner (14) and be
telomere-specific, or, if Ndjlp also func-
tions at nontelomeric sites, they might cor-
respond to the same paranemic joins and
simply be more abundant at the telomeres
than interstitially. Given that NDJI influ-
ences segregation of heterologs, which pre-
sumably are nonrecombinant, the proposed
stabilization would occur independently of
recombination. The concentration of this
activity at the telomeres could account for
the retention of association of telomere-
adjacent regions even though interstitial
interactions are lost in a recombination-
defective mutant (14).

Although nondisjunction of homologs
in ndjIA cells could result from relatively
subtle defects in crossing-over (perhaps in
specific regions or on specific chromo-
somes), the same phenotype would result
from defective chiasma function as a result
of decreased cohesion of sister chromatids
(15). The increase in PSS and in meiosis II
abnormalities in ndjIA cells could result
from a failure of sister chromatid cohesion
(16) specifically at the telomeres. In addi-
tion, Ndjlp could stabilize sister interac-
tions interstitially, perhaps at hotspots of
double-strand breakage, which have been
demonstrated to reduce PSS (9). By holding
sister chromatids together or initiating in-
teractions, Ndj1p might facilitate axial ele-
ment formation, although the precise
mechanism for such an effect is unclear.
Stabilization of interstitial homolog inter-
actions could facilitate synapsis. Stabiliza-
tion of telomere interactions would bring
subtelomeric sequences into proximity (17)
and hold chromosomes in register, which
could also facilitate synapsis.

Ndjlp is required for linear heterologs to
segregate distributively with the same effi-
ciency as circular heterologs, which do not
require this protein. Thus, in the absence of
Ndjlp, telomeres interfere with the distrib-
utive segregation pathway.
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t-SNARE Activation Through Transient Interaction
with a Rab-Like Guanosine Triphosphatase

Viadimir V. Lupashin and M. Gerard Waters*

Intracellular vesicle targeting involves the interaction of vesicle proteins, termed v-
SNAREs, with target membrane proteins, termed t-SNAREs. Assembly of v-SNARE-1-
SNARE targeting complexes is modulated by members of the Sec1-Sly1 protein family,
and by small guanosine triphosphatases termed Rabs. The interactions of these proteins
during assembly of the endoplasmic reticulum-to-Golgi targeting complex in Saccha-
romyces cerevisiae were studied. The data suggest that the Rab protein Yptip transiently
interacts with the t-SNARE Sed5p and results in displacement of the negative regulator
Sly1p, allowing subsequent formation of the v-SNARE-t-SNARE targeting complex.

The movement of proteins between intra-
cellular membrane-bounded compartments
is mediated by transport vesicles that bud
from one compartment and target specifi-
cally to the next compartment (). Vesicle
targeting involves interactions between in-
tegral membrane proteins, the v-SNAREs
and t-SNAREs, that reside on vesicle and
target membranes, respectively (2, 3). The
v/t-SNARE complex then binds soluble
NSF attachment protein [SNAP, Secl7p in
yeast (4)] and N-ethylmaleimide—sensitive
fusion protein [NSF, Secl8p in yeast (5,
6)], which catalyze the disassembly of the
v/t-SNARE complex as a prelude to mem-
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brane fusion (7). Rab proteins, a family of
small guanosine triphosphatases (GTPases)
related to Ras, also act in vesicle targeting
but their precise role is unclear (8).

Targeting of vesicles from the endoplas-
mic reticulum (ER) to the Golgi in yeast
involves three v-SNAREs (Sec22p, Betlp,
and Boslp) (9, 10), the t-SNARE Sed5p
(11), the Rab-like GTPase Yptlp (12, 13),
and a peripheral membrane protein termed
Slylp (14) that associates with Sed5p (10).
Although Slylp is required for ER to Golgi
transport (15, 16), it may also act as a
negative regulator (17).

To examine whether Yptlp physically
interacts with Sed5p, we immunoblotted
Sed5p immunoprecipitates (IPs) from
strains (18) with and without a high copy
number (2 pm) YPTI plasmid (19) (Fig.
1A). A weak Yptlp-Sed5p interaction was
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