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The Saccharomyces cerevisiae SRKI gene, when expressed on a low-copy shuttle vector, partially suppresses
the phenotype associated with elevated levels of cyclic AMP-dependent protein kinase activity and suppresses
the temperature-sensitive cell cycle arrest of the insi mutant. SRK1 is located on chromosome IV, 3
centimorgans from gcn2. A mutant carrying a deletion mutation in srkl is viable. SRKI encodes a 140-kDa
protein with homology to the dis3+ protein from Schizosaccharomyces pombe. The ability of SRKI to alleviate
partially the defects caused by high levels of cyclic AMP-dependent protein kinase and the similarity of its
encoded protein to dis3' suggest that SRK1 may have a role in protein phosphatase function.

SRKI suppresses traits associated with hyperactivity of
cAMP-dependent protein kinase. Saccharomyces cerevisiae
strains with mutations in the low-Km cyclic AMP (cAMP)
phosphodiesterase (pde2lsraS) gene fail to properly regulate
cAMP levels in the presence of exogenous cAMP and lose
viability as a consequence (27). This property was used to
clone the PDE2 gene from a yeast genomic library con-
structed in the yeast shuttle vector YCp5O (provided by M.
Rose, Princeton University) (27). In addition to plasmids
containing the bona fide PDE2 gene, we recovered another
plasmid, pW31 (Fig. 1), which protected the pde2 strain from
loss of viability in the presence of exogenous cAMP but
failed to influence the low glycogen levels associated with
pde2. To determine whether pW31 could complement other
mutations in the cAMP-dependent protein kinase pathway,
we transformed yeast strains (2) which contain a HIS3
disruption in the gene encoding the regulatory subunit of
cAMP-dependent protein kinase (bcyllsral) (6, 25) with
pW31 and tested Ura+ transformants for traits associated
with bcyl. bcyl ::HIS3 transformants containing pW31 were
more resistant to a 52°C heat shock than were those
bcyl: :H153 transformants containing only the YCp5O vector
(Fig. 2B) and were also able to grow on maltose (Fig. 2C)- or
ethanol (Fig. 2D)-containing medium. pW31 did not fully
complement bcyl; the pW31 transformants of EG286-1-1OC
were still sensitive to nitrogen starvation (Fig. 2E), although
some beyl strains that we tested did show partial resistance
to starvation. beyl strains containing the SRKI plasmids
were unable to grow on acetate- or glycerol-containing
medium (data not shown), and glycogen levels remained
low, as judged by the inability of iodine vapors to stain the
transformants (Fig. 2F). When present on a 2,um multicopy
vector, the genomic DNA present in pW31 did not comple-
ment bcyl to any greater extent than on YCp5O (data not
shown). The gene present in pW31 was named SRKJ be-
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cause it suppressed mutations in the regulatory subunit of
cAMP-dependent protein kinase.
The SRKI gene was independently identified as a suppres-

sor of the insi mutation in strain SC3B (MATot leu2 ura3-52
ade2-101 his3 insi). This mutation causes a temperature-
sensitive defect in normal progression through the mitotic
cell cycle. Temperature-arrested cells carrying the insl
mutation do not initiate DNA synthesis and contain either an
unduplicated or an unseparated spindle-pole-body. insi was
mapped to chromosome IV by a chromosome loss technique
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FIG. 1. SRKI gene structure. The genomic DNAs found in
pTW1005, pTW1007, and pW31 are depicted. Thick lines represent
insert sequences, and the thin line represents vector sequence. The
striped box represents the SRKI open reading frame, with the start
codon at the left end. Short vertical arrows below pW31 denote Tn5
insertions (22) that abolish SRKI activity (suppression of bcyl::
HIS3); long vertical arrows denote Tn5 insertions that do not affect
SRKI activity. pW35 was constructed by inserting the 9.3-kb SaiI
fragment of pW31 into the Sail site of YEp24. pW37 was derived
from pW35 by replacement of the 1.2- and 2.3-kb KpnI fragments of
pW35 with the URA3 gene. The URA3 gene was derived from the
plasmid pWJ-120, which was kindly provided by John Hill. Abbre-
viations: B, BgIIl; C, ClaI; E, EcoRI; K, KpnI; S, Sall; X, XbaI.
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FIG. 2. Suppression of bcyl::HIS3 by SRKI. Strain EG286-1-10C (MATTa his3 Ieu2 ura3 bcyl::HIS3) was transformed (12) with either
YCp5O-BCY1, YCp50, pW31, PTW1007, or pTW1005, and two representative transformants that contained each plasmid were plated onto
synthetic medium lacking uracil (sc-ura) (20), allowed to grow overnight at 30°C, and replica plated to different plates to screen for the bcyl
phenotype. Plates were photographed after an additional 48 h. (A) sc-ura (30°C). (B) sc-ura (52°C for 4 min and then shifted to 30°C). (C) YEP
(1% yeast extract, 2% Bacto-Peptone 2% agar) plus 2% maltose (37°C). (D) YEP plus 2% ethanol (30°C). (E) Synthetic medium lacking
ammonium sulfate (5) for 24 h (30°C), followed by replica plating to sc-ura (30°C). (F) sc-ura (30°C), stained with iodine vapor (5). Note that
one of the pTW1007 transformants does not grow well on maltose or ethanol, although it remains heat shock resistant. We have observed this
with 10% of the pTW1007 and pTW1005 transformants but have no explanation for the variability.

(26), but it complemented other cell cycle mutations located
on chromosome IV (cdc2, cdc7 cdc9, cdc36, and cdc39) that
have functions known to be involved in the process of DNA
replication or cell division (4). In attempts to clone the insi
gene, two plasmids, pTW1005 and pTW1007, whose ge-
nomic inserts overlap the insert in pW31 (Fig. 1), were
recovered from a YCp5O yeast genomic library (provided by
J. L. Campbell, California Institute of Technology). pW31
complemented the temperature sensitivity of insl, and
pTW1005 and pTW1007 also suppressed bcyl (Fig. 2).
Unlike the limited suppression of bcyl, the SRKI plasmids
allowed ins) strains to grow nearly as well as wild-type
strains (to 39°C). SRKI and ins) are not linked, however.
The temperature sensitivity and the Ura+ phenotype of a

URA3-tagged srkl allele (see below) segregated indepen-
dently in a cross (5 parental ditype:4 nonparental ditype:17
tetratype) between strains EG262-18B (MATa ura3 leu2 insl)
and RW240-7-6B (MATa ura3 leu2 Atrpl lys2 srkl::URA3).
As for bcyl, SRKI plasmids act as suppressors of ins).

SRKI maps near gcn2 on chromosome IV. The genomic
yeast DNA present in pW31 was genetically mapped to test
the possibility that SRKI is tightly linked to a previously
identified gene. We first localized SRKI to chromosome IV

TABLE 1. Mapping data for srkla

No. of:
Gene pair Map distance

Parental Nonparental Tetratypes (centimorgans)
ditypes ditypes Ttaye

srkl-trp4 24 2 51 40.9
srkl-gcn2 73 0 4 2.6
gcn2-trp4 23 3 51 44.8

a Data are from a cross between JG94 (MA Ta Ieu2 ura3 his4 srkl:: URA3)
and JG93 (MATa ura3 trp4 leu2 gcn2::LEU2). The gcn2::LEU2 allele was
derived from strain H752 (MATa ura3-52 leu2-3,112 gcn2::LEU2), kindly
provided by Alan Hinnebusch.
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TAAACATTTTGGTCTTATT
TTTTTCATAGCCACTATTC
TGCACGAAGAATAAGACAA
CTTTGTCACTTTAATATCG

CCAATTATTCCATCTTTAT

CAAGAGCCAAATAACATGT
Q E P N N M

ATTCATGTTGCACACAGAC
I H V A H R

ACTTTGCAGAAGCAGTTGG
T L QKRQ L

CAGCAATTGGCACAACAGA
Q Q L A Q Q

TTCACGCCTCAACCGCCTC
F T P Q P P

GCAGGTGGCAGCAGAAGTA
A G S R S

TATGATAACAATAACAATA
Y D N N N N

CAATCCAGCATATATGGCCC
Q S S I Y G

GCTGCTGCGGAAGAACAAG
A A A E E Q

ATAGATTCTGTTCAAGCTG
I D S V Q A

TTTCCACCACCACCAAATG
F P P P P N

CCCTCTTTCAAATTTCCTC
P S F K F P

TCTTCAACGCACCGCCGTT
S S T H R R

AACTGGAGAAACCAATCAC
N W R N Q S

TCTAATTCAAGGGATTACA
S N S R D Y

GGACACAAACATCGTGCCT
G H K H R A

AACGGAGGTGGACGTAAGT
N G G G R K

L I Q E G R

GATGCCTGGGTCTCTACAG
D A H V S T

GATCGTAATAGAGCACTTG
D HN R A L

GTTTGGGAGTCCAAGAAAG
V W E S K K

CACGATCTAATTCCTTTGA.
H D L I P L

GCAACAAGCAACAATTTTC
A T S N N F

TTATCCGTCAGAAGAAAGA
L S V R R K

CCTACCAAATCAGGAGTAA
P T K S G V

AATGACGATGTTGAAGTTG
N D D V E V

GATAAATATAAGCCACTTT
D K Y K P L

CAGTTATTTAGCGGTACAT
Q L F S G T

AACAAACCACCACAAAGCC
N K P P Q S

TTAATTGCAATTCCTACAG
L I A I P T:

rTTAGAACAGCTGGTGCCTCGTTTTTCCGCATTAGGCGCACT -204 TCCGAAAAGTTATTCGTTGCCTCTATTAAACGTTGGCCAATCACATCTTTGCATCCATTT 1 896
'TAAAAGAAACAACTTTTTTTCAAAGGGAAATCTAAGTTGCC -144 S E K L F V A S I K R W P I T S L H P F 632
kGGGTTCATAAACGTATAGTATTTGCCAAGTTCCATCTTTTT -84
;CAAAACAGAACACCAAAAACCTTTCAGCGCAAAGATTTGGC -24 GGTATTTTAGTTTCCGAACTTGGAGATATTCACGATCCTGATACTGAAATTGATTCCATT 1 956

G I L V S E L G D I H D P D T E I D S I 652
rACACTATGTCTAAAAATAGCAACGTTAACAACAATAGATCC 36 bp

M S K N S N V N N N R S 12 aa TTAAGGGATAACAATTTTCTTTCGAATGAATATTTGGATCAAAAAAATCCGCAAAAAGAA 2016
L R D N N F L S N E Y L D 0 K N P 0 K E 672

rTTGTGCAAACCACAGGAGGTGGTAAAAACGCCCCAAAGCAG 96
F V Q T T G G G K N A P K Q 32 AAACCAAGTTTTCAGCCGCTACCATTAACGGCTGAAAGTCTAGAATATAGGAGGAATTTT 2076

K P S F 0 P L P L T A E S L E Y R R N F 692
:GTTCCCAAAGTGAGTTGACAAATTTGATGATTGAACAATTC 156
R S Q S E L T N L M I E 0 F 52 ACGGACACTAATGAGTACAATATCTTTGCAATTTCCCAGCTTGGATGGGTGTCTGAATTT 2136

T D T N E Y N I F A I S E L G W V S E F 712
;AGCAAGTTCAAGCACAGCAGCAACAGTTGATGGCTCAGCAA 216
E Q V Q A Q Q Q Q L M A Q Q 72 GCCTTACATGTCAGGAATAACGGAAATGGTACCCTAGAGCTGGGTTGTCATGTTGTTGAT 2196

A L H V R N N G N G T L E L G C H V V D 732
CAGGACAATACCTGTCAGGAAATTCTGGCTCTAACAATCAT 276
T G Q Y L S G N S G S N N H 92 GTGACCAGCCATATTGAAGAAGGCTCCTCTGTTGATAGGCGTGCGAGAAAGAGGTCCTCT 2256

V T S H I E E G S S V D R R A R K R S S 752
:ACCCTCATTACAACTCAAACGGTAATTCACCTGGTATGAGT 336
H P H Y N S N G N S P G M S 112 GCGGTGTTCATGCCACAAAAACTTGTCAATTTATTACCACAATCGTTCAACGACGAACTG 2316

A V F M P 0 K L V N L L P Q S F N D E L 772
GAACTCACTCCAGGAACAACTCCGGATATTATCATAATTCA 396
R T H S R N N S G Y Y H N S 132 TCGTTGGCCCCTGGCAAGGAATCAGCCACGCTGTCGGTTGTTTACACTCTAGACTCATCT 2376

S L A P G K E S A T L S V V Y T L D S S 792
GCAATAATCCTCGGTCTAACTCACACAGAAAGACGAGTTCA 456
S N N P G S N S H R K T 5 5 152 ACTTTAAGGATTAAATCTACTTGGGTAGGCGAATCTACAATTTCCCCCTCAAACATCTTG 2436

T L R I K S T W V G E S T I S P S N I L 812
:ATTCCAGAAGACATTCTTTAGGTCTAAATGAAGCGAAAAAG 516
H S R R H S L G L N E A K K 172 TCTTTAGAACAATTAGACGAAAAATTATCTACTGGAAGTCCCACTAGCTACCTCTCTACT 2496

S L E Q L D E K L S T G S P T S Y L S T 832
;CTAAAAGAATATCTGGGGGTGAAGCAGGCGTAACTGTGAAG 576
A K R I S G G E A G V T V K 192 GTACAGGAAATTGCTAGATCATTTTATGCTAGAAGAATAAATGATCCAGAAGCTACATTA 2556

V Q E I A R S F Y A R R I N D P E A T L 852
;ATAGTGGCTCAAATTCTACTACAGAACAATCTGATTTTAAA 636
D S G S N S T T E Q S D F K 212 CTTCCCACCCTGTCCTTATTGGAAAGCTTGGATGACGAAAAAGTTAAGGTTGACTTGAAC 2616

L P T L S L L E S L D D E K V K V D L N 872
;CTCATCAGGGCCATCGTCGCGCAACTTCAAACCTATCACCT 696
A H Q G H R R A T S N L S P 232 ATCCTGGATAGAACTTTAGGCTTTGTTGTAATTAATGAGATTAAAAGAAAGGTCAACTCC 2676

I L D R T L G F V V I N E I K R K V N 5 892
:CAAACTCTCACGGGGATAATGACGATGAATTCATAGCAACC 756
P N S H C D N D D E F I A T 252 ACTGTTGCAGAGAAAATTTACACCAAACTTGGTGATCTAGCTCTTTTGAGAAGGCAGATG 2736

T V A E K I Y T K L C D L A L L R R Q M 912
rCAAAGACAAGAAACAATGAATATTCTCCAGGCATTAATTCC 816
S K T R N N E Y S P G I N 5 272 CAACCCATTGCAACCAAGATGGCGTCATTTAGAAAGAAAATTCAAAATTTTGGTTACAAT 2796

Q P I A T K M A S F R K K I Q N F G Y N 932
:AGCAACCTCAACAGCAGCTTTCTCCATTCCGCCACAGAGGA 876

Q Q P Q Q Q L S P F R H R G 292 TTTGATACCAATACGGCGGATGAATTAATCAAACCGGTGCTAAAAATTAAAGATGACGAT 2856
F D T N T A D E L I K G V L K I K D D D 952

ATTCCTTCAATACCTTAGAACCTCCTGCGATATTTCAGCAG 936
N S F N T L E P P A I F Q Q 312 GTTAGAGTCGGAATTCAAATTTTACTGTTTAAAACCATGCCAAGAGCTAGATACTTTATT 2916

V R V G I E I L L F K T M P R A R Y F I 972
rcTAATTCATCAGTTCATAGTTTCAGTTCACAAGGTAATAAT 996
S N S S V H S F S S Q G N N 332 GCTGGCAAAGTAGACCCCGACCAATATGGGCATTATGCCTTGAACCTACCTATCTACACA 2976

A C K V D P D Q Y G H Y A L N L P I Y T 992
rcCCTATTTGCACCCTACCTTCCCCAAGCCAACATTCCAGAG 1056
S L F A P Y L P Q A N I P E 352 CATTTCACAGCGCCAATGAGAAGATACGCTGATCATGTCGTTCATAGGCAATTAAAGGCC 3036

H F T A P M R R Y A D H V V H R Q L K A 1012
:TAGTAGCTGGTATATTAAGAGTTAATAAAAAGAATAGATCG 1116
L V A G I L R V N K K N R S 372 GTTATCCACGATACTCCATACACCGAAGATATGGAAGCTTTGAAGATTACCTCCGAATAT 3096

V I H D T P Y T E D M E A L K I T S E Y 1032
;ATGGCCCTCTTGATGCGGATATTTACATTTGCGGCTCCAAA 1176

D G A L D A D I Y I C G S K 392 TGTAATTTTAAAAAGGACTGTGCTTATCAAGCACAGGAACAAGCAATTCATCTATTGTTG 3156
C N F K K D C A Y Q A Q E Q A I H L L L 1052

;AAGGTGATTTAGTCGCGGTAGAACTATTAGTTGTGGACGAT 1236

E G D L V A V E L L V V D D 412 TGTAAAACAATCAACGACATGGGAAATACTACAGGACAATTATTAACAATGGCTACTGTC 3216
C K T I N D M G N T T G L L T M A T V 1072

;AAAAGGAAGAAAAGAAGAGGAGAAAGGATGCCTCTATGCAA 1296

E K E E K K R R K D A M Q 432 TTACAAGTTTACGAGTCCTCCTTTGATGTATTTATTCCAGAATTTGGTATTGAAAAGAGA 3276
L Q V Y E S S F D V F I P E F G I E K R 1092

LACAGTAGTGACGATTACCACAACGATGCATCTGTTACTGCT 1356

N S S D D Y H N D A S V T A 452 GTTCATGGAGATCAACTACCTTTGATCAAAGCTGAGTTTGATGGTACCAATCGTGTCTTG 3336
V H G D Q L P L I K A E F D G T N R V L 1112

'TATCTTCTCCCTCCTCGTCTGATTCGCTAAGCAAGGATGAT 1416
L S P 5 D L S K D D 472 GAATTGCATTGGCAGCCCGGCGTAGATAGTGCAACTTTTATACCAGCAGATGAAAAAAAT 3396

E L H W Q P G V D S A T F I P A D E K N 1132
CGGTCATCTACTATCAATAATGATAGTGATTCCTTATCATCT 1476

R S S T I N N D S D S L S S 492 CCAAAATCCTATAGAAATTCCATTAAGAACAAATTCAGATCCACAGCCGCTGAGATTGCG 3456
P K S Y R N S I K N K F R S T A A E I A 1152

kGGAGAAGAAGTTCATTGAAACAACGTCCAACTCAAAAGAAA 1536
R R R S S L K Q R P T K K 512 AATATTGAACTAGATAAAGAAGCGGAATCTGAACCATTGATCAGCGATCCATTGAGTAAG 3516

N I E L D K E A E S E P L I S D P L S K 1172
;AAGGTCAGTCATTGTTATTAGTTGAAGAAGAAGAAATCAAC 1596

E G Q S L L L V E E E E I N 532 GAACTCAGCGATTTGCATCTAACAGTACCAAATTTAAGGCTACCATCTGCAAGCGACAAC 3576
E L S D L H L T V P N L R L P S A S D N 1192

rACGCAGGCCATGTCGTTGCTGTTTTGGACCGTATCCCTGGT 1656

Y A G H V V A V L D R I P G 552 AAGCAAAATGCTTTAGAAAAATTCATTTCTACTACTGAAACCAGAATTGAAAATGATAAC 3636
K Q N A L E K F I S T T E T R I E N D N 1212

rTAGGTTTGTTGAGACCATCCCAACAAGCTAATAGCGACAAT 1716

L G L L R P S Q A N S D N 572 TATATACAAGAAATACATGAATTGCAAAAGATTCCTATTCTATTGAGAGCTGAGGTGGGG 3696
Y I E I H E L K I P I L L R A E V G 1232

:CAAAAATTGCTTGGTTCAAGCCTACTGATAAGAAGGTGCCA 1776
P K I A F -K P T D K K V P 592 ATGGCTTGCCATGTTTAACCGTCCGTGCATTAAATCCATTCATGAAGAGGGTATAATCT 3756

M A L P C L T V R A L N P F M K R V 1250
;AATTAGCTCCAAAGGACTTTGTTGAAAACGCTGATAAATAC 1836

E L A P K D F V E N A D K Y 612 CTTCTACCAATATCGTCATTGCTGTTTTTCTTGTTTTTCACTTTCGTTCTTTGGATTGTG 3816
CTTCACCCCTCAGTATCCCTTCCCTTTGTTTTTATTTCCTGCGAACATTAACAACTGCAT 3876
GAATTTTGTACTTCTCCTTTTAATCCACGTTCCGGTAAGGCATCATCCAAATTTTT 3932

FIG. 3. Nucleotide sequence of SRKI from pW31 and pTW1007 and predicted amino acid sequence of the encoded product. The sequence
of the entire open reading frame and the sequence 5' to the initiation codon were determined on both strands. The numbers to the right of
each line refer to the nucleotide or amino acid (aa) residue starting from the initiation codon. In-frame stop codons begin 153 and 264
nucleotides 5' to the initiation codon. The 1,250-codon open reading frame could encode a 139,944-Da protein.

by hybridizing the 7.9-kb BglII fragment of pW31, which had contained URA3 integrated into the SRKI locus (srkl::
been labeled with 32P by nick translation, to S. cerevisiae URA3; see below) and markers on chromosome IV revealed
chromosomes separated by orthogonal-field-alternation gel that SRKI mapped to a novel locus between gcn2 and trp4
electrophoresis (7). Tetrad analysis between strains that on the right arm of chromosome IV (Table 1).
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481
SRK1 STINNDSDSLSSPTKSGVRRRSSLKQRPTQKKNDDVEVEGQSLLLVEEEEINDKYKPLYAGHVVAVLDRIPGQI,FSGTLG 560

dis+ PVLVSGRENLNRAVQGDIVCIQILPQDQWKTEAEEIADDDEDVVVSTAAEPDS--ARINDLELITKRNAHPTAKVVGILK 368
291

SRK1 LLRPSQQANSDNNKPPQSPKIAWFKPTDKKVPLIAIPTELAPKDF-VENADKYSEKLFVASIKRWPITSLHPFGILVSEL 639

dis+ RNWRPYVGHVDNATIAQSK ----- GGSQQTVLLTPMDRRVPKIRFRTRQAPRLVGRRIVVAIDLWDASSRYPEGHFVRDL 443

SRKI GDIHDPDTEIDSILRDNNFLSNEYLDQKNP--QKEKPSFQPLPLTAESL-EYRRNFTDTNEYNIFAISELGWVSEFALHV 716

dis+ GEMETKEAETEALLLEYDVQHRPFPKAVLDCLPEEGHNWKVPADKTHPLWKNRKDFRDKLICSIDPPGCQD-IDD-ALHA 521

SRKl RNNGNGTLELGCHVVDVTSHIEEGSSVDRRARKRSSAVFMPQKLVNLLPQSFNDEL-SLAPGKESATLSVVYTLDSSTLR 795

dis CVLPNGNYEVGVHIADVTHFVKPNTSMDSEAASRGTTVYLVDKRIDMLPMLLGTDLCSLRPYVERFAFSCIWEMDENANI 601

SRK1 IKSTWVGESTISPSNILSLEQLDEKLST----GSPTSYLSTVQEIARSFYARRINDPEATLLPTLSLLESLDDEKVKVDL 871

dis+ IKVHF-TKSVIASKEAFSYADAQARIDDQKMQDPLTQGMRVLLKLSKILKQKR0DEGALNLASPEVRIQTDNETSDPMDV 680

SRKi NILDRTLGFVVINEIKRKVNSTVAEKIYTKLGDLALLRRQMQPIATKMASFRKKIQNF-GYNFDTNTADELIKGV---LK 947

dis+ EIKQLLETNSLVEEFMLLANISVAQKIYDAFPQTAVLRRHAAPPLTNFDSLQDILRVCKGMHLKCDTSKSLAKSLDECVD 760

SRK1 IKDDDVRVGIEILLFKTMPRARYFIAGKVDPDQYGHYALNLPIYTHFTAPMRRYADHVVHRQLKAVIHDT?YEDMEALK 1027

dis+ PKEPYFNTLLRILTTRCMLSAEYFCSGTFAPPDFRHYGLASPIYTHFTSPIRRYADV'AHRQLAAAIDYETINPSLSDKS 840

SRK1 ITSEYC---NFKKDCAYQAQEQAIHLLLCKTINDMGNTTGQLLTMATVLQVYESSFDVFIPEFGIEKRVHGDQLPLIKAE 1104

dis+ RLIEICNGINYRHRMAQMAGRASIEYYVGQALKGGVAEED-----AYVIKVFKNGFVVFIARFGLEGIVYTKSLSSVLEP 915

FIG. 4. Alignment of the amino acid sequences of the SRK1 and
dis3+ proteins. Identical and conserved amino acids are denoted
with two dots and one dot, respectively, between the two se-
quences. Conservative amino acid changes are defined by the
following groups of amino acids: (L, I, V, M), (A, G, P, S, T), (Q,
D, E, N), (R, K, H), and (F, Y, W).

SRK1 encodes a protein with homology to the dis3+ protein
of S. pombe. The sequences in pW31 that allowed bcyl
strains to grow on ethanol as a carbon source were defined
by Tn5 mutagenesis (22) as diagrammed in Fig. 1. The DNA
sequence of this region (Fig. 3) revealed a single uninter-
rupted reading frame of 1,250 amino acid codons encoding a
predicted protein of 139,944 Da. The SRKJ genes from
pTW1005 and pTW1007 were sequenced independently and
were found to have a DNA sequence identical to that from
pW31. A comparison of the SRKI coding sequence with a
protein data base provided by Mark Goebl (University of
Indiana Medical School) revealed that SRKI is identical to
SSDI, which was isolated as a suppressor of the protein
phosphatase sit4 (23), and is similar over a region of 600
amino acids to the dis3+ gene product of Schizosaccharo-
myces pombe (14). More than 21% of the amino acids in the
region of similarity between SRK1 and dis3+ (Fig. 4) are
identical. dis3+ is thought to be involved in protein phos-
phatase function (see below).
The SRKI gene is not essential. To test the consequences of

a null mutation in srkl, we replaced the 1.2- and 2.3-kb KpnI
fragments of pW35 with URA3 to create the srkl:: URA3
deletion plasmid pW37 (Fig. 1). All but the 142 C-terminal
codons were removed in srkl:: URA3. A diploid strain ho-
mozygous for ura3 (RW233) (MATaIMATot ura3lura3 leu2I
leu2 ras2::LEU21RAS2 AtrpJITRPJ lys2/LYS2 his4lhis4) was
transformed with the 5.8-kb BglII fragment of pW37, and
stable Ura+ transformants were screened by Southern anal-
ysis (16) for the replacement of the SRKJ locus with the
srkl::URA3 deletion. One such transformant was sporu-
lated, and the resulting tetrads were dissected. Four viable
spore clones germinated from each tetrad, and no observable
phenotype was found to segregate with srkl:: URA3 in our
genetic background. We compared SRKI and srkl:: URA3
strains for glycogen content, temperature sensitivity, stain-
ing with phloxine B (which can detect even slight variations
in viability) (5), and enhancement or suppression of the

ability of strains carrying ras2::LEU2 to grow on nonfer-
mentable carbon sources (5) but found no reproducible
differences. The failure to observe a distinct phenotype for
the srkl::URA3 deletion would be expected if our strains
contained a SRKI homolog. However, we have not consis-
tently detected cross-hybridizing bands in our Southern
blots that would suggest the presence of such a homolog.
SRKI may have a role in protein phosphatase function. The

ability of SRKI to partially suppress the phenotypes associ-
ated with hyperactive cAMP-dependent protein kinase sug-
gests that SRKI may act either to negatively regulate protein
kinase activity or to moderate some of the effects of hyper-
phosphorylation. We favor the hypothesis that SRKI has an
as yet undefined role in protein phosphatase function for
several reasons. SRKI was independently identified as a
suppressor of the sit4 protein phosphatase mutant. Null
mutations in the sit4 protein phosphatase are lethal in some
backgrounds but viable in others (23). Sutton et al. (23) have
discovered that this discrepancy is due to allelic differences
in SRKIISSDI. The suppression we observe could also be
due to allelic differences between the SRKI gene in the
backgrounds we used and the cloned SRKI genes in pW31,
pTW1005, and pTW1007, although we have not ruled out the
possibility that the SRKI plasmids act by a dosage mecha-
nism. Temperature-sensitive sit4 mutants arrest in G1, prior
to DNA synthesis (23), like insi mutants (4). sit4 and insi are
not allelic, however, as the temperature sensitivity of insl is
not suppressed by a plasmid containing SIT4 (17). The
SRKIISSDI gene therefore suppresses the mutant pheno-
types of three genes, bcyl, sit4, and ins].
The similarity between the SRK1 and dis3+ protein se-

quences also suggests a role for SRK1 in protein phos-
phatase function. Cold-sensitive dis3 mutants have pheno-
types nearly identical to those of cold-sensitive dis2 mutants
(18); dis2 encodes a type 1 protein phosphatase (19). dis2 and
dis3 mutants both arrest at the same point in mitosis, and are
both caffeine sensitive (18). dis2 dis3 double mutants are
lethal, suggesting that both genes may act in the same
pathway (14). Unlike protein kinases, which belong to a
single protein family (11), protein phosphatases belong to a
number of unrelated protein families. Protein phosphatase
types 1, 2A, and 2B belong to a family (10, 13) that is distinct
from that of protein phosphatase type 2C (24) and from the
tyrosine phosphatase family (8). It is possible that the
dis3+/SRK1/SSD1 protein family defines another unrelated
group of protein phosphatases. Alternatively, SRK1/SSD1
could act to modulate the activity of one of the previously
identified protein phosphatases. Proteins with high homol-
ogy to mammalian type I and type 2A phosphatases have
been identified in both S. pombe and S. cerevisiae (1, 3, 15,
19, 21, 23). These proteins are known to exist as complexes
with inhibitory, modulatory, or targeting subunits (9). SRK1/
SSD1 may play such a role.

Nucleotide sequence accession number. The nucleotide
sequence accession number of SRKJ in GenBank is M63004.
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