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Proc. Natl. Acad. Sci. USA
Vol. 76, No. 4, pp. 1858-1862, April 1979
Cell Biology

Secretion and cell-surface growth are blocked in a temperature-
sensitive mutant of Saccharomyces cerevisiae oo
\\//

(secretory mutants/vesicles/membrane assembly) S ~o~

PETER NOVICK AND RANDY SCHEKMAN \& EME
Department of Biochemistry, University of California, Berkeley, California 94720 ( E "- I"-JH

Communicated by Daniel E. Koshland, Jr., January 16, 1979
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1862  Cell Biology: Novick and Schekman

Fi1G. 7. Thin-section electron micrographs of spheroplasts stained for acid phosphatase activity. Cells were grown in YPD medium, warmed
to 37°C for 2 hr, and processed for electron microscopy. (4) SF 150-5c¢; (B) SF 154-10A. The horizontal bar is 0.5 um. Symbols are as described
in the legend to Fig. 6. .
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Cell, Vol. 21, 205-215, August 1980, Copyright @ 1980 by MIT

Identification of 23 Complementation Groups
Required for Post-translational Events in the
Yeast Secretory Pathway

Peter Novick, Charles Field and Randy Schekman* sis pathways, both in identifying intermediate struc-

Department of Biochemistry tures and in providing biochemical assays for assem-
University of California, Berkeley bly steps (Wood and King, 1979). We believe that a
Berkeley, California 94720 similar approach may be useful in unraveling a eucar-

votic mornhooeneasis nathwav.



23 Genes, 23 Years Lat

Table 1. The Function of the Original SEC Genes

Geng Gene Product Function Transport Stage Reference

SECT SNARE binding protein Fusion of secretory vesicles to PM Carr et al., 1999

SEC2 Exchange protein for Secdp Delivery of secretory vesicles to PM Walch-Solimena et al., 1997

SEC3 Companent of exocyst Tethering of secretory vesicles 1o PM TerBush et al., 1996
complex

SEC4 Rab GTPase Delivery of sacretory vesicles to PM Salminen and Novick, 1887

SECS Component of exocyst Tethering of secretory vesicles to PM TerBush at al., 1996
complex

SECE Component of exocyst Tethering of secretory vesicles to PM TerBush et al., 1996
complex

SECT Exchange protein for Arf Vesicle budding from Golgi Sata et al., 1998

SECE Gomponent of exocyst Tethering of secretory vesicles to PM TerBush et al., 1996
complex

SECS t-SNARE Fusion of secretory vesicles to PM Brennwald at al,, 1994

SEC10 Component of exocyst Tethering of secretory vesicles to PM TerBush et al., 1996
complax

SEC11 Component of signal Exit of certain proteins from ER Béhni et al., 1988
peptidase

SEC12 Exchange protein for Sarip Vesicle budding from ER Barlowe and Schekman, 1993

SEC13 Component of COP Il coat Vesicle budding from ER Barlowe et al., 1994

SEC14 PI/PC transfer protein Vesicle budding from Golgi Bankaitis et al., 1980

SECT5 Component of exocyst Tethering of secretory vesicles to PM TerBush et al., 1996
complax

SEC16 Scaffold protein at ER exit site Vesicle budding from ER Espenshade et al., 1995

SEC17 SMARE recycling, a-SNAP Vesicle fusion, multiple stages Griff et al., 1992

SEC18 SNARE recycling, NSF Vesicle fusion, multiple stages Wilson et al., 1889

SEC19 Rab recycling, GD! Vasicle delivery, multiple stages Garrett et al., 1994

SEC20 Component of tethering Tethering of Golgl to ER vesicles Lewis et al., 1997
complex

SEC21 Component of COP | coat Budding of Golgi to ER vesicles Hosobuchi et al., 1992

SEC22 v-SNARE Fusion of ER to Golgi vesicles Lian et al., 1994

SEC23 Sarl GTPase activating Vesicle budding from ER Yoshihisa et al., 1993; Barlowe

protein; component of COP |l
coat

et al., 1994

&Cell, 2004)
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Figure 1, Density Gradient Separation of seci-1 and X2180 Cells

SF150-5C and X2180-1A cells werg grown In YPD madium at 25"C.
After 3 hr at 37°C, the cells were sedimented, washed and resus-
pended in 1 ml of water, Cell aliguots were mixed (49.5 Agco units of
X2180 and 0.5 Asco unit of SF150-5C) and sedimented on a Ludox
gradient. Fractions were collected and diluted 10* fold, and 0.1 ml
portions were spread on minimal medium (7 mM phosphate) agar
plates. Colonies formed after 2 days at room temperature were
stained for acid phosphatase activity (Hansche at al., 1978), Heavy
stippling represants the phosphatase-constitutive ( pho80) sect col-
onies (SF150-5C); light stippling represents phosphatase-repressed
colonies (X2180).
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Cell, Vol. 61, 723-733, May 18, 1990, Copyright © 1990 by Cell Press

ot . a ™ E€ell, 1990

Distinct Sets of SEC Genes Govern
Transport Vesicle Formation and Fusion
Early in the Secretory Pathway

Chris A. Kaiser and Randy Schekman
Department of Molecular and Cell Biology
Division of Biochemistry and Molecular Biology
University of California

Berkeley, California 94720

Thus, ER to Golgi transport may
lar to the vesicle-mediated proc
transport between Golgi cistern:
idea that carrier vesicles mediate
ganelles is attractive in its simg
mechanisms for ER to Golgi tran
the available data. Tubular con
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Table 1. 50 nm Vesicle Accumulation after 1 hr at 37°C

Strain Allele Vesicles per um? of Cell Volume

RSY269 sec?7-1(37°C) 6198 =18 |

RSY269 sec17-1(17°C) 13.0 + 0.8

RSY387 sec17-2(37°C) 585 x 3.4

RSY271  secl&1(37°C) 479 + 34 h x c ¢ ™
RSY319  sec182(37°C) 410 +25 [ SeE”’ seds,se@2¢ ”fﬁ

RSY319 sec’8-2(17°C) 122 %16 | M Ye ' X

RSY321  sec22-1(37°C) 385 + 286 ’ Tt T

RSY279 sec22-3(37°C) 55.3 + 3.0 _

RSY277 sec21-1(37°C) 222 +15 c h o a " w t o e ™
R3Y275 sec20-1(37/°C) 174 + 1.2 Seczo’ Se(21 c < ! Y T
RSY255 SECT (37°C) 7.7 =07

ASY255 SEC* (17°C) 11.3 = 0.8 _

RSY309 secr2-1(37°C) 5.9 x 0.6

RSY263 sec12-4(37°C) 7.3 + 0.9

RSY265 sec13-1(37°C) 78x07 L secl?, secl3,sec6,se@3¢l| h x cc ™
RSY313  sec13-3(37°C) 6.4 = 08 o *h ™ "o - o .

RSY317  sec?6-1(37°C) 9.8 + 1.1 o s

ASY281  sec23-1{37°C) 11.6 + 1.2 —

Vesicle density values are given as mean = standard error of the
maan. Tha standard error is the sample standard deviation divided by
the square root of the sample size (n = 32).
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Table 3. Growth of Double Mutants at 24°C
sec13-1 sec16-1 seci7-1 seci8-1 56620-1 sec2i-1 56¢22-1 5ec23-1
seci2-1 - - + + + + + +
sec13-1 - + + + + + -
sec16-1 + + + + + -
sect17-1 - + + + +
sec18-1 + + + +
sec20-1 + + +
sec21-1 + +
s8¢22-3 +
~: double mutant does not form a visible colony after 5 days at 24°C. +: double mutant grows as well as wild type at 24°C.
sed?2,sed3,secd6,se@?3¢l h x coc™™ g o " e X

sed7,sed8c¢ll h x anc™™

*
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Figure 4. Certain Combinations of sec Mutations Block Transport of Carboxypeptidase Y from the ER at 25°C
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KalserSChekmam Cell, 1990
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Cell, Vol. 39, 405-416, Decernber 1984 (Parl 1), Copyright & 1984 by MIT (092-G674/84/120405-12 $02.00/0

Reconstitution of the Transport of Protein between
Successive Compartments of the Golgi Measured by
the Coupled Incorporation of N-Acetylglucosamine

William E. Balch, William G. Dunphy, essentially intact (Fleischer, 1974) and because it is spe-
William A. Braell, and James E. Rothman cialized for protein transport (Farquhar and Palade, 1981;
Lepartment of Biochemistry Hothman, 19871; Tartakoff, 1982). Thus membrane com-
Stanford University Schoal of Medicine ponents needed for transport should be especially con-
Stanford, California 84305 centrated in Golgi fractions. In addition, the actions of the

series of glycosyltransferases present in the sequential

mieternan of tha otarlk offar a readv maans o maasora tha
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“DONOR"” GOLGI-CONTAINING FRACTION “ACCEPTOR" GOLGI-CONTAINING FRACTION

FROM VSV-INFECTED 15B MUTANT FROM UNINFECTED WILD-TYPE CELLS
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; g
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ATP
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Figure 1. Assay for Transport of a Prolein between Successive Golgi Compariments In Vitro, Based on a Transport-Coupled Glycosylation
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