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Saccharomyces cerevisiae GSCI (also called FKSI) and GSC?2 (also called FKS2) have been identified as the
genes for putative catalytic subunits of 3-1,3-glucan synthase. We have cloned three Candida albicans genes,
GSC1, GSL1, and GSL2, that have significant sequence homologies with S. cerevisiae GSC1/FKS1, GSC2/FKS2,
and the recently identified FKSA of Aspergillus nidulans at both nucleotide and amino acid levels. Like S.
cerevisiae Gsc/Fks proteins, none of the predicted products of C. albicans GSCI, GSLI1, or GSL2 displayed
obvious signal sequences at their N-terminal ends, but each product possessed 10 to 16 potential transmem-
brane helices with a relatively long cytoplasmic domain in the middle of the protein. Northern blotting
demonstrated that C. albicans GSCI and GSLI but not GSL2 mRNAs were expressed in the growing yeast-
phase cells. Three copies of GSC1 were found in the diploid genome of C. albicans CAl4. Although we could not
establish the null mutation of C. albicans GSCI, disruption of two of the three GSCI alleles decreased both
GSC1 mRNA and cell wall B-glucan levels by about 50%. The purified C. albicans 3-1,3-glucan synthase was a
210-kDa protein as judged by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and all sequences
determined with peptides obtained by lysyl endopeptidase digestion of the 210-kDa protein were found in the
deduced amino acid sequence of C. albicans Gsclp. Furthermore, the monoclonal antibody raised against the
purified 3-1,3-glucan synthase specifically reacted with the 210-kDa protein and could immunoprecipitate
B-1,3-glucan synthase activity. These results demonstrate that C. albicans GSCI is the gene for a subunit of

B-1,3-glucan synthase.

B-1,3-Glucan synthase (UDP-glucose; 1,3-B-p-glucan 3-B-p-
glucosyltransferase; EC 2.4.1.34) catalyzes the formation of a
-1,3-glucan polymer that is a major component of the fungal
cell wall (34). Biochemical studies with Saccharomyces cerevi-
siae revealed that the enzyme utilizes UDP-glucose as the
substrate and consists of at least two components, a catalytic
subunit and a regulatory subunit (14, 25). The gene for a
possible catalytic subunit of B-1,3-glucan synthase was identi-
fied by several approaches (4, 6, 7, 10-12, 22, 30). A gene called
FKS1 was isolated by functional complementation of an S.
cerevisiae mutation that conferred hypersensitivity to FK506 (6,
10), while the same gene termed GSCI was obtained following
microsequencing of the partially purified enzyme (12). The
facts that the disruption of GSCI/FKSI was not lethal and that
residual B-1,3-glucan synthase activity was present in gscIA/
fksIA null mutants led to the identification of another gene,
GSC2/FKS2 (12, 22). Although Gsclp/Fkslp and Gsc2p/Fks2p
have 88% sequence identity, their expression is controlled by
different mechanisms. FKSI mRNA is accumulated periodi-
cally during the cell cycle (22), whereas FKS2 expression is
induced by mating pheromone in a calcineurin-dependent
manner in the presence of glucose (22). The recent finding of
an Aspergillus nidulans gene, FKSA, that is highly homologous
to S. cerevisiae GSC/FKS suggests that the GSC/FKS genes are
widely conserved in both yeasts and mycelial fungi (17). Fi-
nally, GTP-bound active Rholp is physically associated with
Gsc/Fks protein and is essential for B-1,3-glucan synthase ac-
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tivity, demonstrating that Rholp is a regulatory subunit of the
enzyme (8, 28).

There is a linkage between B-1,3-glucan and another cell
wall component. In S. cerevisiae, the nonreducing end of a
B-1,3-glucan chain binds to the terminal reducing residue of a
chitin chain by a B-1,4-linkage (18). CHS3, one of the three
chitin synthase genes, is required for the formation of the
linkage between B-1,3-glucan and chitin (18). This B-glucan—
chitin linkage may be important to retain the rigidness of the
cell wall (33).

Candida albicans is a dimorphic fungus that is often found in
human deep mycosis, and both yeast and mycelial forms are
detected in patients with C. albicans infection (26). Although
the C. albicans cell wall has not been as well characterized as
that of S. cerevisiae, genes for cell wall biosynthesis, such as the
chitin synthase genes and the mannosyltransferase genes, are
well conserved in these two organisms (2, 5, 36). In addition,
the facts that GTP-dependent B-1,3-glucan synthase activity is
present in the membrane fraction of C. albicans (27) and that
C. albicans B-1,3-glucan synthase activity is sensitive to echi-
nocandin B (32) strongly suggest that S. cerevisiae and C. albi-
cans have similar mechanisms of B-1,3-glucan synthesis. Here
we report the cloning and characterization of the C. albicans
homolog of GSCI/FKS]I.

MATERIALS AND METHODS

Cloning of the C. albicans homolog of GSCI/FKSI. To generate a C. albicans
genomic DNA library, C. albicans genomic DNA was isolated from strain ATCC
10231 by disrupting cells with glass beads and subsequent extraction with phenol
(20). DNA was precipitated with ethanol, partially digested with Sau3AI, and
fractionated by agarose gel electrophoresis. DNA fragments whose sizes were
between 5 and 15 kb were eluted from a gel and ligated at the BamHI cleavage
site of YEp24 (3) or lambda ZAPII vector (31, 35). Screening of the GSCI
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FIG. 1. Restriction maps of C. albicans GSCI (CaGSC1), GSLI (CaGSLI), and GSL2 (CaGSL2). Regions of probes used for Southern and Northern blottings are

also indicated. Black bars represent ORFs of C. albicans GSC1, GSL1, and GSL2.

homolog was carried out under low-stringency conditions in a buffer containing
0.25 M sodium phosphate (pH 7.2), 2X SSC (1x SSC is 150 mM NaCl plus 15
mM sodium citrate), 1% (wt/vol) bovine serum albumin, 1 mM EDTA, and 7%
(wt/vol) sodium dodecyl sulfate (SDS) at 66°C for 4 h by using a 3.5-kb EcoRI
fragment of S. cerevisiae GSC1 as a probe. Clones that hybridized with the probe
DNA were isolated and subjected to further screening. The insert DNA that gave
a significant signal after the third screening was excised from the vector, and
nucleotide sequences were determined as described elsewhere (31).

Southern and Northern blot analyses. Genomic DNA and poly(A)* RNA
were prepared as previously described (15). Twenty-five micrograms of genomic
DNA digested with EcoRlI, Sall, and BstPI and 10 pg of poly(A)* RNA were
fractionated by agarose gel electrophoresis, transferred to nylon membranes, and
hybridized with the indicated probes. Hybridization was carried out under strin-
gent conditions in a buffer containing 50 mM sodium phosphate (pH 6.5), 5%
SSC, 5X Denhardt’s solution, 50% (vol/vol) formamide, 0.25 mg of salmon
sperm DNA per ml, and 0.1% (wt/vol) SDS at 42°C for 18 h.

Disruption of the C. albicans GSCI gene. Gene disruption was carried out
according to the ura blaster protocol (1, 23). To disrupt the C. albicans GSCI
gene, pCAl was constructed by cloning the 4,673-bp EcoRI-EcoRI fragment of
C. albicans GSCI into pUC19. After digestion of pCA1 with Ball, the resulting
DNA fragment was ligated with a 3.8-kb BamHI-Bg/II fragment carrying hisG-
URA3-hisG to generate pCA1U. Thus, 1.2-kb BalI-Ball region of C. albicans
GSC1 was replaced by the hisG-URA3-hisG in pCA1U. After digestion of
pCA1U with Accl, 100 g of the DNA was transfected into C. albicans CAl4
(ura3A::imm434/ura3A::imm434) cells by the lithium acetate method (13). Be-
fore the second round of transformation or characterization of the mutants, the
URA3 gene that had been integrated into the C. albicans genome was excised by
5-fluoroorotic acid (20). Mutant and parental CAI4 cells were cultured in YPD
medium (1% peptone, 2% yeast extract, 2% dextrose) at 30°C.

Determination of cell wall B-glucan. C. albicans cells that were grown to
mid-logarithmic phase were harvested, washed with H,O, and used for extracting
cell wall polysaccharides. The amount of cell wall B-glucan was determined by
fractionating the cell wall polysaccharides as described previously (16).

Purification of B-1,3-glucan synthase by product entrapment. One hundred
grams of C. albicans cells was disrupted by using glass beads and a Bead-Beater
(Biospec Product, Bartlesville, Okla.). B-1,3-Glucan synthase was extracted from
membranes with 3-[(3-cholamidopropyl)-dimethylammonio]-1-propanesulfonate
(CHAPS)—cholesteryl hemisuccinate detergent mixture, purified by product en-

trapment, and used for raising a monoclonal antibody as described previously
(12).

Amino acid sequence determination of peptide fragments of the 210-kDa
protein. After being stained by Coomassie brilliant blue R-250, the 210-kDa
protein in an SDS-polyacrylamide gel was digested with lysyl endopeptidase. The
resulting peptides were separated by reverse-phase high-pressure liquid chroma-
tography (Hitachi L-6200 Intelligent pump and L0600 pump) with a Lichrosorb
RP-8 column (4 by 250 mm). Amino acid sequences of the specific peptide peaks
derived from the 210-kDa protein were determined with 470A protein sequencer
(Applied Biosystems). Immunodetection of the 210-kDa protein was carried out
by Western blotting by using the monoclonal antibody raised against the 210-kDa
protein together with alkali phosphatase-conjugated anti-mouse immunoglobu-
lin G as the second antibody as described previously (31).

Nucleotide sequence accession numbers. DNA sequences of C. albicans GSC1,
GSL1, and GSL2 are available in GenBank, EMBL, and DDBJ databases under
accession no. D88815, D88816, and AB001077, respectively.

RESULTS

Cloning of the C. albicans GSC1/FKSI homolog. To identify
the gene for B-1,3-glucan synthase of C. albicans, we per-
formed Southern hybridization of the C. albicans genomic
DNA with the 3.5-kb EcoRI fragment of S. cerevisiae GSCI
DNA under low-stringency conditions. Since this analysis re-
vealed the presence of several discrete bands (data not shown),
we screened a C. albicans genomic DNA library with S. cerevi-
siae GSC1 DNA under the same hybridization conditions and
isolated one clone, pCAl. Sequencing of the insert DNA in
pCALl identified a long open reading frame (ORF) that was
highly homologous to S. cerevisiae GSCI/FKSI, and it was
designated C. albicans GSCI (B-1,3-glucan synthase catalytic
subunit 1). Since there was no translational termination codon,
the coding sequence could extend further downstream. We
obtained a clone harboring the missing 3" end of the ORF by
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ATGTCGTATAACGATAATAATAATCATTATTACGACCCTAAT CAACAGGGCGGTATGCCACCTCATC, TATTACCAACAACAGTATGATGATATGGGTCAACAACCA
N N NHY YDZPNOQQGGMZ®PPHOGGEGY Y QQ QY DDM

CACCAACAAGATTATTACGATCCAAATGCTCAATATCAACAACAACCATATGACATGGATGGATATCAAGACCAAGCCAACTATGGT GGTCAACCAATGAATGCCCAGGGTTATAATGCT
H Q@ QD Y YD PN AOQYOQQOQPYDMDSGYOQDOQANYG G QP MN

GACCCAGAA( TTTTCTGACTTTAGTTATGGTGGTCAAACTCCTGGAACTCCTGGT TATGATCAATACGGTACTCAATACACCCCATCTCAAATCGAGTTATGGTGGTGATCCAAGATCT
D P EAF SDF S Y G G6GQTU®PGTU?PGYDOQY G TOQYTU®PSQMS Y G G D P R

TCTGGTGCTTCAACACCAATTTATGGTGGTCAAGGTCAAGGT TACGATCCAACTCAATTCAATATGTCATCGAACTTGCCATATCCAGCTTGGTCTGCTGATCCTCAAGCTCCAATTAAG
S G ASTUPI Y GG Q G Q GYDUPTOQTFNMSSNTILZPYZPAWSADTPOQATPTI

ATTGAACACATCGAAGATATTTTCATTGATTTGACTAATAAATTTGGTTTCCAARGAGATTCTATGAGAAACATGT T TGATTACTTTATGACATTGT TGGACTCGAGATCTTCCCGTATG
I EDIF I DLTNZE KTFGFQRUDSMRNMEF

TCACCAGCTCAGGCCTTGTTGAGTTTACATGCTGATTATATT GGTGGTGACAATGCCAATTATAGAAAATGGTATTT TTCTT CACAACAAGATTTGGATGAT TCCTTAGGTTTTGCTAAT
S PAQALTLSLHADTYTIGGDNA ANTYR W Y F S S 0 O D L DD S L G F AN

ATGACTTTAGGTAAAATTGGTAGAAAAGCCAGAAAAGCTTCCAAGAAATCCAAAAAAGCTAGAAAAGCTGCTGAAGAACATGGTCAAGATGTCGATGCTCTTGCTAATGAAT TAGAAGGT
M T L G K I 6 R KARI KA AS KK S K K ARIKAAETEWUHG G ODJUV DAL ANEFEFL

GATTATTCATTGGAAGCCGCTGAAATCAGATGGAAAGCCAAGATGAACTCTT TGACTCCAGAAGAAAGAGTAAGAGACCTTGCTCTT TATTT GTTGATATGGGGTGAAGCCARTCAAGT T
D Y S L E A AE T RWIKAZXKMNSTLT®P?PEERYVRDULALYTLTLTIWGCGE

CGTTTTACTCCTGAATGTTTGTGTTACATTTACAAAT CTGCCACTGATTATT TAAAT TCTCCATTGTGTCAACAA AGTGCCTGAAGGTGAT TACTTGAA GATC
R F TP E CLCJY I YJXKSATTDTYTULNSTPULCOQO QRG QETPVZPETZGDTYTILNZ RVUVTI

ACTCCACTTTACAGATTCATCAGATCTCAAGTTTATGAAATT TATGATGGAAGATTTGTCAAGCGTGAAAAAGACCACAACAAGCTCATTGGTTATGATGATGTCAATCAAT TGTTTTGG
E I YD G R F V KREI KUDU HUNI KV IGYDDVVNQLTF W

TACCCAGAAGGTATTTCCAGAATTATTTTTGAAGATGGAACCAGATTGGTTGATATCCCTCAAGAAGAACGT TTCTTGAAAT TAGGT GAAGT TGAATGGAAGAATGT TTTCT TCAAAACT
R I {1 FEDGTA RILVYVDTIUPQEZERT FILIE KTULGSGEVEWTE KNVTFTFIKT

TATAAGGAAATCAGAACCTGGTTGCATTTCGTTACCAATTTTAATAGAATCT GGATTATCCATGGTACCATC TACTGGATGTACACT GCTTACAACTCCCCAACCTTGTATACTAAACAT
T W L HF V TNV FNR RTIW®WITIHSGTTIYWMYTA AYNSU?PTTULYTKH

TATGTCCAAACCATAAATCAACAACCACTTGCTTCGTCAAGATGGGC TGCTTGTGCCATTGGTGGTGTTCTTGCTTCATTTATTCAAATTCT CACTTTTCGAATGGATTTTCGTG
Yy VQTTINO QU QPTILASSRUWAACATIGS GVILAST FTIOQTITLATTLTFEWTITFV

CCTAGAGAAT TGCTCAACATTTGAGTCGTCGTATGCTATT TTTGGTGTTAATTTTCTTACTCAAT TTGGT TCCACCAGTT TATACATTCCAAATTACCAAATTGGTGATTTAT
P REWAGAQHLSRRMTLTFULVILTITFULTZLNILVZPPVYTTFOQITK

TCGAAATCH TGCTGTGTCGATTGTTGGATTTT TCATTGCTGTGGCCACTTTAGTATTCTTTGCCGTCATGCCATTGGGTGGT TTATTCACTTCATACATGAACAAGAGATCAAGA
s K S AYAVSIVGFTFTIAVATTLVTFTFHA AV MPTILGS® GTLTFTSYMNTEKTR RS

AGATATATTGCATCACAAACATTTACTGCCAACTACATTAAATTGAAAGGTTTAGAT ATGTGGATGTCTTAT TTGTTATGGT TTTTGGTTTTCCTTGCCAAATTGGTTGAATCTTATTTC
A S Q T F T A NYTIKTULZ KSGULDMUWMS Y

TTCTCGACTTTGTCTTTAAGAGATCCTATTAGAAACT TGTCGACCATGACAATGAGATGTGT TGGTGAAGTTT! AA, TGTTTG! AACCAAGCCAAGATTGTCTTGGGG
F S T™ULSLRDTPTIRNTILSTMTM® RTCVGEVW®WYIZKDTIVCRNOQATZKTIVTILG

TTGATGTATCTTGTTGATTTGTTATTGTTCTTTTTGGATACT TATATGTGGTACATTATTTGTAACTGTATCTTCTCCATTGGTCGTTCATTCTATT TGGGTATTTCCATTT TGACTCCT
L M ¥ L VDLULILVFFLDTYMUWYTI I CNTZCTITFSTIOGRSFYILGTISTITULTFP

TGGAGAAACATTTTCACCAGATTGCCAAAGAGAATTTATTCCAAGAT TTTAGCTACCACGGAAATGGAAATCAAATATAAACCTAAAGT TTTGATTT CACAAATTTGGAATGCCATTGTT
W R N I F TR L P KR I ¥ S KILATTEMMETITZ K Y K?PZ KV VILISOQTIWNA- ATIUWV

ATTTCCATGTACAGAGAACATTTGTTAGCCATTGATCACGTTCAAAAATTAT TGTATCATCAAGT TCCATCTGAAAT TGAAGGCAAGAGAACTTTGAGAGCTCCAACTTTCT TTGTTTCT
I S M YREWUHTULULATIDU HVY QZKILULYHOQV?PSETIESGI KU RTULRAPTTFTFV s

CAAGATGACAACAATTTTGAAACGGAATTTTTCCCAAGAAAT TCTGAAGCTGAAAGAAGAAT TTCATTTTTCGCTCAATCTT TGGCTACACCAATGC CAGAACCATTACCAGTTGATAAT
Q DDNNVFETETFTFUPRNSEAERTI RTISTFTFAQSTLATU®PMP

ATGCCAACTTTTACTGTTTTCACTCCTCATTATTCGGAAAAGATTTTGTTATCTTT! ATCATT: TGATCAATTCTCAAGAGTGACATTATTGGAATATT TGAAACAA
M P TF TV F TPHYSEZXK ILLSTIL®RETITIRETDTUDT QFSRKUVTLILETYTLTZKZQ

TTACATCCAGTTGAATGGGATTGTTTTGTTAAGGACACCAAGATTTT GGCTGAAGAAACTGC TGCTTATGAAAATGGTGATGATTCTGAAAAATTAT CTGAAGATGGATTGARATCCAAG
L 4 P V F W D CF V KDTJZKILAETETA AA AYTENSGDTDSETZ KTILSETDSGTLZKS K

ATTGATGATTTACCATTCTATTGTATTGGTTTCAAGT CTGCCGCCCCTGAATATACT TTAAGAACAAGAATTTGGGC TTCAT TGAGATCCCAARACTT TGTACAGAACTGTATCTGGGTTT
I DDLPVFYCTIGTFIXSAAPETYTTLRTH®RTIW®ASTIULRSOTULYRTV S

ATGAATTAT GAGCCATTAARATTGT CAGAGTGGAAAACCCAGAAT TGGTTCAATATTTCGGTGGT GACCCTGAAGGATTAGAATTAGCTT TAGAAAGAAT GGCCAGAAGARAG
M N Y ARATI KU LULYR®RVENEPTZELVQYTFGGDZPES GLETLALEIRMARTR RK

TTTAGATTTTTGGTTTCTATGCAAAGATTGTCTAAAT TCAAAGATGATGAAATGGAAAATGC TGAGT TCTTATTGCGTGCTTACCCTGATTTGCAAATTGCT TACTTGGATGAAGAACCG
F RF LV S MQRULSX XV FKDDEMENAETFTULTULRAYZ?P?PDTILOQTI

GCTTTGAATGAGGACGAGGAACCAAGAGTATACTCTGCCTTGATTGATGGTCATTGTGARATGT GTCGTCCTAAATTCAGAGTTCAATTGTC TGGTAATCCAATT
A L NEUDEETPRVYSALTIDGHTCEMTLENGRZ RTRTEPKTF R

TTGGGTGATGGTAAATCTGATAATCAAAATCATGCGGTTATTTTCCATAGAGGTGAATATAT TCAAT TGATTGATGC TAATCAAGATAATTATTTGGAAGAATGTTTGAAGATTAGATCA
G D G K D N O N H A V I F H R GEYTIOQTLTIDA AN QDN NYTLETETCTLTZ KTIR

GTTTTGGCTGAATTTGAAGAAATGAATGTTGAACATGTTAAT CCATATGCACCAAAT TTGAAATCTGAAGAT AATAACACCAAGAAGGATCCAGTGGCATTT TTGGGTGCTAGAGAATAT
V L AEFEEMNUVEUHRVNZPYAZPNTILK

ATTTTCTCAGAAAATTCTGGTGTTTTGGGTGATGTTGCTGCTGCGTAAAGAACAAACTTTTGGTACATTGTTT AGAACTT TGGCACAAATTGGAGGTAAATTGCATTATGGTCATCCG
1 F S ENSGVLGDVAAGXKE® OQTTFGTTULFARTTILATQ QTIG

GATTTTTTGAATGCTACATTTATGTTAACTAGAGGTGGTGTTTCTAAAGCAC, TTTACATTTGAAT GAAGATATTTATGCTGGTATGAATGCCATGATGAGAGGTGGTAAAATC
G V s KA Q K 6 L HL NEDTITZYAGMNAMMTRTGEGG K

AAGCATTGTGAATATTATCAATGTGGTARA TTAGGTTTTGGATCCATT TTGAATTTCACCACCAAGAT TGGTGCTGGTAT AAATGCTTT TATTTC
E Y Y QCG K GRDTILGPFGS I LNFTTZEKTIGATGMGET G QMTILSTZ RETYF

TATTTGGGTACTCAACTTCCATT TTTTGTCATTT TACTATGGTCATCCAGGTTTCCATATTAATAACTT GTTTATTCAATTGTCTTTACAAGTGTTTAT TTTGGTGTTGGET
L G TQL®P?PLDRTFTILSTFTYYGHZPGFHINNTLTFTIOQLSULOQVTFTITLVYVTLG

AACTTGAATTCATTAGCTCATGAAGCTATCATGTGTTCTTACAACAAAGATGTCCCAGTTACTGATGTTTTGTATCCATTTGGTTGTTACAATATTGCTCCTGCCGTTGATTGGATTAGA
N L NS L AHEA ATIMCSYNZ KU DVZPVTDVTILYZPTFSGCYNTIAPA AVDUHWTIR

CGTTATACTTTGTCTATTTTCATTGTTTTCTTCATTTCTTTCATTCCATTGGTT CAAGAATTGATTGAAAGAGGGGTAT GGAAAGCGTTCCAAA! TTGTTAGACATTTTATTTCC
R Y TUL S 1 F I VF F I SFTIZPILVWVVQETZLTIEHRTGV®W®WEKATFU QRTFVRUHTFTI S

ATGTCACCATTTTTCGAAGTTTTCGTTGCCC. TTTATTCATCATCGGTTTTCACTGATTTGACCGTTGGTGGTGC TAGATATAT T TCCACTGGTAGAGGT TTTGCCACT TCAAGAATT
M s P F F EVF VAQI Y S s s VFTDILTUVGG6AURY 1T s TGRGFAT SR I
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FIG. 2. Nucleotide and predicted amino acid sequences of C. albicans GSCI (A), GSL1 (B), and GSL2 (C). Underlines represent the corresponding peptide
sequences which have been determined with the purified 210-kDa B-1,3-glucan synthase. According to the report by Manuel et al. (21), the CTG codon is decoded as

serine instead of leucine.

screening another C. albicans genomic DNA library that was
constructed with lambda ZAPII by using C. albicans GSCI as
a probe. The C. albicans GSCI gene contained an ORF of
5,694 bp (Fig. 1 and 2A), and the expected product was a

210-kDa protein that had significant sequence similarity with
both S. cerevisiae Gsclp/Fkslp and Gsc2p/Fks2p (72.2% iden-
tity with S. cerevisiae Gsclp and 72.8% with Gsc2p) and also
with A. nidulans FksAp (64.6% identity). C. albicans Gsclp



VoL. 179, 1997

4321

4441

4561

4681

4801

4921

5041

5161

5281

5401

5521

5641

1081

1201

1321

1441

1561

1681

1801

1921

2041

2161

2281

2401

2521

2641

2761

2881

3001

3121

3241

C. ALBICANS B-1,3-GLUCAN SYNTHASE GENE

CCATTTTCAATCTTGTATTCACGTTTTGCTGATTCATCCATTTATAT AAGATTGATGTTGATTTTATTATT TGGTACAGTT TCTCATTGGCAAGCACCATTATTATGGTTCTGG
P F S I L ¥YSRTFADS S I Y MGARTILMIELETILITLZLTFTGTV SHWOQAZPTLTLWF W

GCTTCATTATCGGCTTTAATGTTCTCCCCATTCATTT TCAAT CCTCATCAAT TTGCT TGGGAAGACT TTTTCCTTGATTACAGAGAT TTCAT TAGATGGTTATCTAGAGGTAACACTAAA
A S L S AL MTFSUPFIFNZPHOQTFAWEWDTFTFILDYRDTFTIR®RUEEILSRGNTK

TGGCACAGAAACTCATGGATTGGTTATGTTAGACTTTCTAGATCACGTATCACTGGT TTCAAACGTAAGTTGACTGGTGATG TTTCT GAAAAAGCTGCTGGT GATGCTTCAAGAGCTCAT
W H R NS W I GY VRULSRSRTITG GTFT KT RIEKILTGDVSEIZ KA AASGDA ASTRAH

AGATCCAATGTTTTGTTTGCTGATTTCTTACCAACAT TGATT TATACTGCTGGTCTTTATGT TGCTTATACT TTTAT TAATGCTCAAACTGGGGTTACTAGT TATCCATATGAAATCAAT
R S NV LF ADTFTLZP?PTZLIZYTA AGTILYVAYTTFTINAQTSGUVTSJYZPYET

GGATCTACTGATCCACAACCAGTTAATTCTACTTTGAGACTTATTAT TTGTGCTTTAGCTCCAGTTGTTATT GATATGGGAT GTTTAGGTGT TTGTCTTGCCATGGCATGTTGTGCTGGT
6 S TDPOQPVNSTILRTLTITICALAPVVYVIDMSGT CLG6V CLAMATCTCHR ARG

CCAATGTTAGGATTATGTTGTAAAAAGACTGGTGCTGTTATTGCTGGTGTTGCCCATGGTGT TGCCGTCATTGTTCATATTATT TTCTTTAT TGTTATGTGGGTCAC TGAAGGTTTCAAT
P M L G L CCKJZKTGA AV IAGV VA AHGVY AV IVHTITIFTFTIVM®W¥WVTEGTFN

TTTGCCAGATTAATGTTGGGTATT CCATGATTTATGTTCAAAGATTATTATTCAAGTT TTTGACATTATGTTTCTTGACTAGAGAATT TAAGAATGATAAAGCCAATACTGCTTTC
F ARLMULGIATMTIZYV QRULILFI KT FULTIULOCTFTLTHRETFIZ KNUDIKANTATF

TGGACTGGTAAATGGTATAATACTGGTATGGGATGGATGGCT TTTAC TCAACCATCTCGTGAATTTGTTGCTARAAT CATTGAAATGTCGGAATTTGCTGGTGATTTCGTTT ACAT
K W Y NT G MG WMATFTOQEPSRETFUVAZEKTITIEHMSETFAGHDTFV L AH

ATTATATTATTCTGTCAATTACCATTATTGTTTATTCCATTAGTTGATAGATGGCAT TCAAT GATGT TATTC TGGTTGAAACCATCAAGATTGATTAGACCACCAAT TTATTCTTTGAAA
1 I L F €CQULZPILILTPFIPILVDRW®WHSMMLTFW®WILZ XUZPSURILTIURZPZPTIZYSTILK

CAAGCCAGATTAAGAAAGAGAATGGTGAGARAATATTGTGTT TTATATTTTGCCGTGTTGATATTAT TTATTGTCAT TATTG TTGCACCAGCAGT TGCTTCGGGACARATTGCTGTTGAT
Q AR LRIK RMVHR RIEKYTCV LY TFA AV ULIULTFTIUVITIVAPAVASGOQTIAUWVTD

CAATTTGCCAATATTGGTGGATCTGGTTCTATTGCTGATGGATTATT CCAACCAAGAAATGT CAGTAATAAT GATAC TGGTAATCATAGACCARAAACCTACACT TGGAGTTATTTGAGT
Q F ANTIGGSG S I ADSGILTFOQP®RNVSNNDTTGNUHTR REPIKTYTU®WSY

ACTCGTTTTACTGGAAGTACCACCCCTTATTCTACAAATCCATTCAGAGTTTAA
T R F T G S T TP Y S TNZPFR V *

ATGTCATTCAACTCGCCTTCTTTGTACACACCAAATTATACCCCCAATAAGTCACCGCAAGTGCACATAAGACTAGCCAT TGTATCCATAGGTGGAATCATTGCCGTCTTAATATCGTTG
M s F NS P s LYTUPNYTU®PNTZEKSZPOQOQVHTIRTILATIUWVSTIGSGTII

GGT ATATCTGATTTTTTCT TTGTGTCAGGAAGTGTCCGAAACAT TGT TT TGTTATTGATATTGACAGTT GCAAACTCGGGATCTATAGT TTACAATCTAGGGCT TTTGAAATGG
G A AI S SsSFFF VS 6 S5 VRNTIUVILILILIILTUVANZSGSTIUVYNTLSGLTILIE KW

GACAAGTATTCTAAAAAT GGGACAGTGGTT GCAGC TATTC TGATGTGCTTATCGGTTCTCACATT TTTGT TCTTGGCCAT CAATC CACCAGGAAGTTTCAAAACCGTGTT TTCCAACAAT
D KYSsS KNGTVVAATITULMTCLSYVILTT FTILTFTILATINZPUPTGST FI KTVF S NN

TTCCCAAAAT TAAAGTTAAGA. TTATTCTCCATATCCTTAT TTGGTGTATTT TTCAGAGTCATACTTTTTCTTAATATTGTCGT AAGACCCCATTCAA
F P XKL XKL®RSRTULTF SIS LWTIGVF FAAZ KTYSESYTFTFTLTITZLSTULZ KT DTPTIOQ

ATTCTATCTACCATTGAATTAAACTGTGATAACGGTCATT TTCTATGCCGGTTTCAACCAAAGAT TACAT TGATATTGTT TTATC TCACTGATTTGATAT TATTC TTTTTGGACACTTAT
L NCDVNGHTFILCRTPFOQEPZKTITILTIZLTFYILTDILTITZLTFTFTULTDTY

TTGTGGTATGTGATT TGCAATTGTT TAT TT TCAGTGGGACTATCGTTTTCATTAGGTGTGTCTATTTTTACCCCT T AAAATATTTTT TCTCGATTACCAGAT CGGATTTTAACCAAG
L W YVICNTCLTFSV 6L S F S LGV S I FTUPUWIE KN NTITFSRILZPUDI RTITILT K

ATATATTATGGCGAT TCCACAGAGT TGATATTGGT GATAT CACAAATATGGAACAGCATTATCAT TTCCATGTACAGGGAGCATGTTCTCTCGGT TGAACAAGTT TGCAAGTTGATTTAT
I YYD sTZEULTIULVTISQQIWNSTITITIsSsMYR®REUHVTLSVEZSQVCZKTLTIY

CAACGAGGAGCTGATGAAAACACTATACGACCACCACTAT TTTTTGTTTACGAAGATGATAACAAATTTTATGAT TTTAT TAAAATCGAAAAGGAATGGGAAAGAAGGAT CACATTTTTT
Q R GADENTTIRU®PZ®PILTFTF FVYEDTUDNT KT FYUDTFTIZ KTIETZ XKEUWEIT RTI ERTITTFTF

GCTCAATCGT TATCAA! TTT GAACCATTTCCAGTAGTTTCT CATTTACCGT TTTGATTCCTCATTACTCAGAAAAAATACTATTAAGTTTACAAGATTTAATTARA
A Q S LS SPLPETPTFZPVVSTPTTFTVTILTITPHYSETZE KTIILTZLSILOQDTILTIK

GAACAAAGCT TTTCAAAACTAACGT TGCTAGATTATTTGAAACAACTTCATTCGAAAGAATGGGATTCAT TTGTTCAAGATAGTAAGATGATCCAAACTATAAAGGAAATGGATGAAGAL
E Q S F s$ KL TJLULDJYTULZKOQULHSXKXE EUWUDSTFV QDS KMTIOQTTIZE KTEMTDTED

AAGTTTGTACGCGAAAATATGGATGATT TGCCGTACTACTGTATCGGGTTCAAAGATTCT TCACCAGAAAATGTT TTACGAACAAGAATT TG! TGCATTAAGATGTCAGACATTGTAT
K F VREDNMDDILZPYYCTIOGTF XKD S SPENUVTILR RTRTIW®WAALT RTET QTTLY

CGTACAGTTTCAGGGTTTATGAATTATGTGACTGCTTTAAAGTTGCTTTACCGAACGGAAGTAATCGGTTTT CAAAACGAATTT AGAAGAACTTGAAGAATT TGTAAGCAGA
R TVSGFMNYVTATLTEKTELILYRTETVTIGTFTEGQNETFZPETETETLTETETFV S

AAATTCAATTTACTAATTGCTATGCAGAAT TTCCAGAATT TTGCCCCAGACATGAGGACCGATGCCGATTCTTTATTTAAGGCTT TCCCCAACGTCAAGGTTGCCATTTTAGAAT CTGAT
K F ¥NL LI AMOQQNTFUOQNTFAPIDMRTDADS L F KA ATFU&PNVI KVYVATITULTESD

AACGATCAAGACTATTATTCAACACTATTAGATGTTTCAAAACGAGATGACAAAAATCAGTATGT TAAAAAATACCGAAT CAAGC TATCAGGAARATCCTATTTTAGGTGATGGCAAATCT
N DOQDYYSTZLULDV S KRDDI KN NOQYVXKI KYRTIZKTLSGNZ PTITULSGD DG K

GATAATCAAAATAGTGCATTAATATTTTATCGTGGGCAATATATCCAGGT CATAGAT TCCAACCAGGATAATTATATCGAGGAATGTCTCAAAAT CAAATCTTTGCTAAATGAAT TCGAG
D NQNSALTITFYRGEYTIOQVIDSNOQDNYTIZETETGCTULIZEKTIZ KSTULTULNTETFE

GAGATGAACT TGGACGTAAGTTT TGGATAT CAGAC GGAGCACCCAGAAAC TAGTT CTGTGGCAAT TGTGGGGGCAAGAGAATTCATATTT TCACAGAACATAGGAATTTTAGGAGACATA
E M NLDV S F G Y QTEHRUZPETS S VA I VGARETFTITFSOQNVNTIGTI

GCTGCTGCCAAAGAACAGACTTT TGGAACGTTATT TGCAAGAACAATGGGAGAAATCGGATCTAAACTTCATTATGGCCACCCTGATTTGCTCAATGGAATATTTATGACGACAAGAGGT
A AAKEOQTTFGTTILFARTMGETITGS S K LHY G HUPDTLTILNG

GGAATTTCAAARAGCCCAGAGAGGCTTACATTTGAATGAAGACATT TATGCAGGGATCACTGCAACTTGTCGTGGT GGAAGGATAAAACACTCAGATTACTATCAATGTGGCAAGGGAAGG
6 I s XA QR G LHULNZEDTI YA AGTITA ATTCRTGU GRTIZI KU HSDTYYOQTCG K G

GATCTTGGGT TCCAATCAATTGTGAATT TTACAAAGAAAATTGGATCTGGAATGGGCGAACAGCT TTTGTC TTACTATTT 'TGT TACCAATAGATAARATTCTTG
D LGF Qs 11 VNTFTIZ XTI KTISGSGMGEUOQLTLSH® RETY]Y]YILGSMTLZEPTIDTI KT FL

TCATTTTACTATGCTCACGC TGGAT TCCATATCAACAACT TGTCTATAATGTTGTCTGTAAAAGCCTTTATGTTT TTGTTGATGAGCCTT GGTGCATTAAACAACGGCACAGCCGCGTGC
S FYYAHAGFHTINNILSTIMILSV KA ATFMTFTULTILMMSTULGATILNINGT

ACGGAAGATAACCCAACACCTGGCTGCCATAAT TTAGTCCCCGTTCTAAACTGGATTGACCGTTTTGTGC TTTCAGTATT TGTTT GCTTCTTCAT TTCAT TTTTGCCTTT GATAATTCAA
T E DNUP TP GCHNILV?PVILNWWIDRTFUVLSVFUVCFTZFTISFLPILTITIQ

GAGTTTATCGAAAAGGGATTACTCAAAGCAATT TTGCGAATATTATTACACATTGTTTCGTTATCGCCATTTTTTGAAGT TTTTGTGTGT CAAGTATATT CAAGAGCGTTAAGGGACAAT
E F I E K 6 L L KATIULRTITULTLHTIVSULs®PFTFEVTFVCQVYSRATLTRTIDN

TTTATATT TGGAGAAGCTAAATATATTGCTACAGGACGAGGATTTGCTATCTCCAGAGTATCATT TGCCACATTGTACTCCCGATATGCCAGTTTATCCATTTAC TATGGTGGTGAAATA
F I F ¢ EA XK YIATGRGTFATISRVSFATTULYS5RYASTILSTIVYYG6GE I

TTTTTGGTGATTT TGTTTGCCTCAATAACTATC TGGAGAAAATCT TTACTATGGT TTGTAATCAC TATTATATCC TTATGCTTGGCACCATTCAT TTTCAATCCTCATCAGT TTAATTTT
F L v ILFASTITTIW®WRIKSTULILU®W®WFUVITTITISILCULAPTFITFNZPUHAGQTFNTF

GTTGATTTCTTTGTCGAT TATAGGGACTAT GTCAGATGGTT AGAGGAAACTCTTCTCTCAAAGAACTGTCCTGGAC TCATTATACCAAAGT TAGGAGAGCT CGGTTAACTGGAGAA
VDFFVDYRDYVRW®WILTRGNSSILIKTESSW®WTHYTZE KTUYVRIRARTILTGCGE

AAGTTTGATGGCGGGTATGT TCTGGGTAGAAATAC TGCTACATTCAATTT GTTAT TGGGGGAGGTAGCGT CACCGTCGAT CAATT TGATATTGTATCTATTACCGTATTTGTTTCTTCAT
K FDGG Y VS5 6GRNTATTFNILILTLSGEVASUPSTINVNILTITILYTLILZ®?YULF L H

TCARGTCCCAAATCTACTTGCAT TCAGT GTGAAAAATCCACTAATARAGT TAACAGCAGT TGTAT TGGCACCTTATCTCGAGAAT TCGGCGGTTCTTTTC TTCGTATGGGTAATGTCCTT
§ s P XK S TCTIQCEZ KT STNZ KV VHNSSCTIGTULSRETFGSGSTFTILRMGNUVL

AACTCTTGCGCCATTGGTTGGAATATCGTT TAA
K s € A I G W N MUV *

FIG. 2—Continued.
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ATGTTTGATTACTTAATGAGGTTGTTAGAT TCAAGAACATCTAGATT ACCCACGCTCTCAGATCTATTCATGC TGATTATATT GGTGGCATGAAT TCTAATTTCAGAAAATGG
M F D Y LMRILTULUD S RTSRTUILGP THATLT RSTIHADTYTIGGMNSNTFRIKW

TATTTTGCAGCCCAGTTGGATATCGATGATTTTGT TGGTTTT GACAATCT TGCCAAAAAT GGGAAAATCAAGCGGGTCARATGACCCAGT TGCAACAT TGGAGCAAGCTGAACTGCAATGG
Y F AAQ LD IDDTFV GFDNTILAZKNSGZ KTIZ KTGSUNDZPVATTILETUGQAESIQQW

TCTACAAATATGCTAGCTTTATCTCCTACTGATTCAGTTATACAATTAGCCATATATCTTTTGAT TTGGGGTGAAGCCAACAATATCAGATT TATGCCTGAGTGTAT TTGTTTTATCTTC
S T NMULALSPTDS SV IQULATIYTLILTI®WSGEHA ANUNTIRTFMEPETCTITCTFTITF

AAATGCTGTAATGATTITTTATTTTTCCATCGATCCTGACACACCAGTTACAACTGTTACTCCAAGCTTTT CACATAATCACTCCCCTCTACAACT TTTACCGAGACCAATCGTAC
K ¢ ¢CNDF Y F s I DPODTZ®PVTTVTZPSFILDUHTITITZ®PILYNTFYRUDOQOS Y

ATTCTTGTTGATGGGAAATACCGTCGTCGCGATARAGATCACGAGTCTGTGATTGGT TAT GATGATATGAACCAATTATTCTGGT AAGGTTT AGACTTGTTTT GAC
I L VD GI KV YR RIR®RDI KTDUBHESVYIGYDDMNOQLTFUWYSKGLEHRIULVTILATLD

AAGAAATCTAGATTGATGAGTCTT CCAGGAGAA TATGAGGAATTAAATCAAGTATTATGGAATCGT GTCTT TTATARAACT TTTAAAGAAAACAGAGGCTGGTCTCATGTATTG
K K S R L M S L PP GEHRTYEZETLNO QVILWNI RV YVTFYZEKTT FIEKENTR RGH®WS

GTAAACTTTCACAGAGTT ATTCACAGTGCTGTGTTTTGGTACTACACGGCT TTTAACTC GCCAACATTATACACAAAGAAT TATCAACCGGCGT TAGACAACCAACCCACAACA
VNF HRV W®¥ I IHSAVF FWYYTA ATFNSZPTULYTZ KN NYUOPATLUDNSOQZPTT

CAAGCAAGATTGTCAGTGTTGGCGT TTGGAGGTGTGGTTGCCATTGT TAT TGATATTATCAGTTTAT TGT TCGAGTTACGGT TTATTCCAAGAAAAT GGACTGGAGCTCAACCTGTTAGT
Q ARLSVLAFGGVVATIUVIDTITISULLFZELRTFTIPRIEKUWTGAQZPV S

AAA TAGCTTTGTTGATTTTGGCGTTGATTTTGAACGT CCAAGTGTCTACTTGTTTATGTTTATCCCATTAAATGTTCAGAACACAGTGGGTCTAGT TATTTCTGCTTTCCAG
K R L ALLTIULALTITZLNVYVGPSVYLFMTFTIUZPULNVOQNTVSGLVISATFQ

TTTTCATTTTCTGTCATTATGGTTT TATAT TTGTC TACAGTACCATT GGGGAGGC TTTTT TCCAAAAAACCTAAAGCCAACGATAGAAGGTT TTTGCCCCAGCGTCTGTTTGTGACCAAT
F §$ F S VIMYVULYTLSTVEPILSGRTILTFSZKT KT PZ KA ANDT RTZ RTFTILPIOQRSTF N

TTCTATTCAT TAGCCGAAGGTGATAGAGTTGCATCTTATGGT TTATGGTTTGCTATATTTGTATCAARAT TCATTGAGTCATATTTCTTTTTGACTCTATCATT CCGGTT u: T
F Y S L AEGDU RV AS Y G LW FA ATIFV S KT FIESYT FT FULTULSULRDPVR

GAATTGAGTATAATGAAAATGAGTAGATGTGCCGGTGAGGTATGGTT TGGTTTTGTAC TAGACAACCAAC TGTTTTAGGGTTAATTTATCTTACTGATTTGGTATTATTT
E L S I M KM S R CAGEV WL GNWT FCT RZ Q®?TTIVILSGZ LTIYTUILTZDULVTLTF

ATATTAGACACCTACTTGTGGTACATTGTATGGAATACTGTGTTT TCAGTTTGTCGCTCATT TTACATTGGCGTCTCAAT TTGGACT CCATGGCGAAATATATTT TCAAGGTTACCCAAA
I L DTYULWYTIV WNTUVTFS5VCRSFYTIGV S TIWTZPWRNYNTITFSTRTILTPK

AGAATATTTTCTAAAATAATTTCTGTTTCTGGAGACAAAAATATAAAATCAAAGT TACTCGTATCGCAAGTATGGAATTCTATCATTATT TCCATGTATCGT GAACACTTGATATCTTTG
R I F s K I I 8 V 58 6D KN I K S KL L VS QV WV NS TITI IS MYREUHTLTI

GAACATGTTCAAAAACTTATCTATAAACAAATCGATAACCCCGGAGT TGAAGGGGAT TCTGT TTTGAAAGAACCAATCTTTTTTGTT TCACARGAGGATCAAACGATAAAGT CATCATTA
EHV Q K LI Y XOQTIDNZPGVESGDSVLIKEZPTIFTFUVSQEDU QTTITZ KS S S5 L

TTTCAAGATCAAGCAGAAGCACAGCGAAGGATTACTT TTTTTGCTCAGTC TCTATCAACACCTATGCCTGAAGTGGGTCCAGTACAT TTAATGCCGTCGT TTACAGT TTTAATTCCTCAT
F @ DQAEAQRU RTITTFTFAOQSTLST®PMPEVGPVHDLMEPS

TACAGCGAAAAGATAACATTATCGT TCC A TATTCTCATGT TACGATGCTAGAGTATT TAAAGCTGTTACATCCATTGGAATGGAGCTGTTTTGTA
Y s E K I T LS LRETITIRTETETES®QYSHVTMTILETYTLZ KT SILHZPTILEWSSC

AAAGATACAAAGTTATTAGC GGAAGAGTTTGAAACTGATTCGTCTTCTGC TGARATT AAAAGAGAGARACTTGATGATTTACCGTACTATTCCGTCGGATTCAAGGT TGCCACACCGGAA
K DT K L LAEETFTETH DS S5 S AETIZ XKRET KTLDUDTILZPYY SV GFKVATPE

TACATTCTTCGAACTCGAAT CTGGGCATCACTTCGCTCCCAAACACT TTATAGAACCATT TCTGGTT TCATGAAT TACTC TCGTGCTATCAAGTTGT TGT TTGAC GTCGAGAATCCAGAC
Yy I L RTRTIW®ASILRSOQTULYARTTISGFMNYSURATIIKTLTLTFDVENTPD

CTGACTAAAT TTGGCACGGAGAACGACAAGTTAGAACAAGCT GCAATAATGGCCCAT CGTAAATT CAGAATAATCACGTC GATGCAAAGATTAAAGTATT TTACT CCCGAGGAAAAAGAA
S T K F G T E NDIKLEQAATIMAHRRIEKT EFRTITITSMOQRIULIEKYFT?PEE KE

AACACAGAATTCTTGTTACGAGCTTATCCTGAACTACAAATATGT TACCT TGAT AGT TGACGA( TTCTGGTGAAATTGTCTACTATTCAGCGTTAGTAGATGGAAGTTGTGCC
N T EF L LRAYU®PZETLOQTIUCYTULDTEEVDTEASGETIVYYSATLVDSGSCA

ATTATGGAAAATGGTGAAAGAGAGCCAAAGTACCGTATTAGATTATC TGGGAACCCAATTCTTGGTGATGGGAAATC TGATAACCARAACCATTCAT TGATATTT TGCAGAGGAGAATAT
I M E N GEREZPIKYRTIRTILSGNZP?ILGDGI KSDNAOQNUBHSTULITFCRTGEY

ATTCAACTAGTTGATGCTAACCAAGATAAT TATTT! ATGCCTTAAAATTAGA. TTT GAATTTGAGGAAGCAACTTTCCCCTTGGATCCTTACTCGACTGATT TGGAA
I Q LVD AN QDN YTLETETCTLTZEXKTIR®RSTILAETFEEATTFU®PTLUDZPYSTUDTILE

GGCACAGAGCTGGTTTATCCCGTTGCCATAATTGGGACAAGAGAATATAT TTTTTCTGAAAATAT TGGAATT TTGGGAGATGTAGCTGCTGGGAAAGAACAAACTTT TGGTACTTTATTT
T E LV YP VAITIGTHRTETYTITFSEN NI IGTIILGDVAAGE KTET GQTTFGTTLF

GCCAGAACTTTGGCCCATAT TGGAGGTAAATTGCATTATGGCCATCCAGATT TTTTAAATGGAAT CTTTATGACAACT. GTTT AGGCACAAAAAGGTTTGCATTTGAAT
A R T LAHTI GG K L H Y G HPDTFTULNGTIFMTTHRGS GV S KAQIKTGTILHTLN

GAAGA! TTATGCCGGTATGAATGTTGTTTT AGGCGGCCGTATCAAACATTGCGAATACATGCAAT GTGGAAAGGGAAGGGAT TTAGGATT TGGCTCAATATTGAATT TCACTACA
E DI YA GMNVVLRGSGRTIIZ KU HTCETYMOQCGZEXKSGRDTILGFG6S5 IULNTFTT

AA( T AAATGCTTTC TATTTTTATATG ACAACTTCCATTGGATAGGTTCTTGTCATTTTACTATGCACAT TCAGGGTTTCATT TGAAT
K I 6GAGMGESO QMZELS® RETYTFJYMGTAOQTLZPTILD®RTFTLTSTFYYAHSSGFHTLN

AATTTGTTTATTATGCTTTCTATTCATTTATTTTTGC TTGTTGGTGCTAATCTTGCAGCT TTAAC TAGCGAAAGCACCATTT GTGAATAT GACAGATTCAGACCCATAACTGATCCCARA
N L F I ML S$ I HLFULULV G6ANULAATLTSESTTITZCEYUDRTFHRZPTITUDTP K
CGGCCACATGGATGT TACAATTTGATTCCTGT TGTCCATT GG TTGCAGAGATGTATATTTTCTAT TT TTATT GTGTT TGTTATTTCT TTTGT TCCAT TGGCT GTTCARGAAT TAACTGAA
R P H G C Y NTULTIPVV HWIULOQ®RTCTIT FSTITFIVFVISsSTFUV?PILAVOQETLTE

AGAGGATTTTATAAAGCTATCACAAGGTTGGGTAAACAGT TTGCATCGTTCTCTCCGTTGTTTGAAGTGT TTGTT TGTAAAATCTAT GCCCATTCGTTGTCCAGTGATATTTCAATTGGT
R 6 F Y XKAITRULTGI KO QTFA ASTFS?PLFEVTFVCEKTITYAHSTILSSDTIS

GGAGCCAGGTATCTT CAGGTA TTTGCAACTATAAGAGTCCCATTTGCCACATTGTATTCCAGATTTGCGGT TGAGAGT TTGTATTATGGATCCATTTGCGGAT TATTGATA
G ARYLATGRGTPFATTIT®RVYZPTFATTULYSRF A

TTTTACTGTTCCCTATCAATGTGGAAGTTGCAACTATTGTAT TTCTGGAT TACAATACTTGGACT TTTGATATGTCCCTTTT TGTATAATCCTAACCAGT TTTCTTGGAATGACTTTTT T
FYcs L S MWK L QL LY F @ ITTIULGULULICCPVFILYNUZPNU QT F S WNDF

CTCGATTACAAGGAATGTATCCAGTGGTTT TACCGGGGTAACAGCAAACCAAGGC TTTCTTCGTGGATAAAT TTTACCAGGC TCAAACGAAGTCGGATTGTCGGGGTCAAAAGCAAAAGA
K E C I Q W F YRGN S XKPRUL SAS WINTFTRILIEKZ RS ST RTIUVGVYV K S KR

TACAGCATAAATGAAGAGATTAAAGTGGTTAGTGAAGTGAAACCATCAAGAT TCAAACTCAT TATAT CAGAATCATTCTTACAGT TGTGTGTAATCACCT TGGTTGGCCTTGCTTATTTA
S I NE E I KV V S$EV X P SRZF KLITIS$ESTFTULGOQLTCUV

TTTACCAACTCCCAGAACGGATCTAGAGGAACCTATCCAGTCAACAGTATCT TGAGAATTCT TAT TATAAGC TTTGT TCCTATTGGAGTAAACCTCGTAATATTGAT TGCTTGCTTTGTG
F TN S QNG SR GTYZPVNSTIILRTITLTITISTFUVEPETIGVVN¥TLVILTIATCTFUV

GTGTCTATATCAATTGGTCCCATTT TCACATTATTCTGTAAGARATT TCCCTCATTTGTTGCAGCAATAGCACACTTGCTAGCAGTCGCCAATCATGTAT TT TTCTT TGAGT TGTTATGG
v s I s I 6P I FT L F CZXZKTFUP S F V A A

CTATTTCAGAATTGGAACTT TTCAGTTACAGTTCTTGGGT TTGCATTATCGGCCT TAATTCAGTGTTGGT TT TTGCAAAT GATGACGATC TTGTTAGTTTCCAGAGAGT TCAGACACGAT
LFQNWNTFSVTVLGEGFATLSA ALTIO QT CWTFTLI OMMTTITILTLTYVSTRE D

AGGTCTAACCGCTCATGGTGGT AAAATGGGCAACAGCTGGT TTAGGTT ATAACTCAA T AGCTGTATGCAAATTGAGC \TGTCTTATTTTGCTGGT
RS NR S WWS G X WATAGLGWYTITITOQEPMREABATYT CTE KTLTSTEHMSJYF A

GATTTAGTTGCAACTCATATCATTTTGTTTGCTCAGATCCCGATATTATTGATCCCCTATGCTGATAAGTGGCI\TACTTTN\TGTTATTCTGGCTAAAACCAGGGMCCAGATACGTCCT
DLVATHIILFAQIPILLIPYADI(WHTLMLFWLKPGNQIRP

AGAATATTATCCAAACGTCARAAACGAAGAAGAAGAT TTCAGGCAAACT TGTACT TGCTCATCTT TTTGT TGGGATT AATAT TGT TT TCCAGTATAT TCGTT TTACCACT TATTGCTACC
RILSEKROQEKRRRRTFOQANTLTYTZLTILTIFTLTILGTLTITULTFES SSTITFUVTILFPTLTI

AAGTATTTTGATATCGAATTCTCTGAATATATTCCAGA( TTTTTTCATCCATTGT TTCAACCCTACGATGCTCCTACAAATC TGAAAGGATTARAGAAAAAATTAGAAAT TAAGCATTAC
KYFDIETFSEYTI®PETFTFUHEPTLTFUOPTYDA ATPTUNSTZ KT GTLZ KTZKTZ KTELETITE EH.yY
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FIG. 2—Continued.
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FIG. 3. Hydropathy profiles of C. albicans Gsclp (CaGsclp), Gsllp (CaGsllp),
and Gsl2p (CaGsl2p), calculated as described by Kyte and Doolittle (19). The num-
ber of amino acids is plotted on the x axis, and hydropathy is plotted on the y axis.

possessed about 16 potential transmembrane helices but har-
bored no obvious signal sequence at the N terminus, suggesting
that C. albicans Gsclp is an integral membrane protein as are
other Gsc/Fks proteins (Fig. 3).

S. cerevisiae GSC1/FKS1 and GSC2/FKS2 have been consid-
ered genes for the putative catalytic subunits of B-1,3-glucan
synthase. Thus, it is possible that in addition to GSCI, other
glucan synthase genes are present in the C. albicans genome.
During the course of this study, we found the partial sequence
of C. albicans FKS2 in a genome database. To determine
whether C. albicans FKS2 is an isogene of C. albicans GSCI, a
C. albicans genomic DNA library was again screened by using
the C. albicans FKS2 sequence as a probe. The gene cloned by
C. albicans FKS2 homology was designated C. albicans GSLI
(glucan synthase-like gene 1) (Fig. 1). It contained an ORF of
3,273 bp that could encode an 130-kDa integral membrane
protein with potentially 10 transmembrane domains (Fig. 2B
and 3). Although the size of the GSLI ORF was about 57% of

C. ALBICANS B-1,3-GLUCAN SYNTHASE GENE 4101

that of C. albicans GSCI, Gsllp had a high degree of overall
sequence identities with central regions of other Gsc/Fks pro-
teins (54% identity with C. albicans Gsclp, 50.5% with S.
cerevisiae Gsclp, 50.7% with S. cerevisiae Gsc2p, and 50.3%
with FksAp).

To further explore the GSC1-related genes in C. albicans, we
also carried out Southern analysis using the Sall-EcoRI frag-
ment of C. albicans GSCI as a probe (indicated as probe 2 of
C. albicans GSCI in Fig. 1). This Sal/l-EcoRI fragment encom-
passes the region that is quite conserved among all glucan
synthase genes. At low stringency, this DNA fragment hybrid-
ized with a C. albicans genomic DNA sequence that was dis-
tinct from GSCI or GSLI (data not shown). Therefore, we
screened a C. albicans genomic library by using the same hy-
bridization conditions and isolated a third gene, which was
termed C. albicans GSL2 (glucan synthase-like gene 2) (Fig. 1).
The C. albicans GSL2 OREF consisted of 4,923 bp which could
specify an 189-kDa integral membrane protein harboring po-
tentially 16 transmembrane domains (Fig. 2C and 3). C. albi-
cans Gsl2p was also highly related to other Gsc/Fks proteins
over the entire sequence (52.9% identity with C. albicans
Gsclp, 47.4% with C. albicans Gsllp, 52.5% with S. cerevisiae
Gsclp, 53.0% with S. cerevisiae Gsc2p, and 54.3% with FksAp).

Northern blotting revealed that C. albicans GSC1 mRNA of
approximately 6 kb and GSLI mRNA of approximately 3.5 kb
were expressed in yeast cells, while GSL2 mRNA was barely
detectable (Fig. 4A). The sizes of GSCI and GSLI mRNAs
coincided with the lengths of their ORFs. We also addressed
whether morphogenetic transition from yeast to hyphae af-
fected the expression of the C. albicans GSC and GSL genes.
When yeast cells were transferred to RPMI 1640 medium to
induce hyphal growth, both GSCI and GSLI mRNA levels
declined at 22 h, while C. albicans SKNI mRNA expression
was strongly induced upon hyphal induction as reported earlier
(Fig. 4B) (24). Finally, GSL2 mRNA, if any, remained at very
low levels in both yeast and mycelial phases (Fig. 4B).

A) In yeast cells

[N

B) In hyphal cells
0 2 4 22 hr

o’ & 9
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-
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FIG. 4. Northern blotting of C. albicans GSC1, GSLI, and GSL2 mRNAs.
Poly(A)" RNA was extracted from cells in yeast phase (A) and hyphal phase (B)
and hybridized with C. albicans GSCI probe 1 (CaGSCI) and GSLI (CaGSL1),
GSL2 (CaGSL2), SKN1 (CaSKNI), and ACTI (actin) probes. Regions of the
DNA fragments used for GSC1, GSL1, and GSL2 probes are indicated in Fig. 1.
Entire coding regions of C. albicans SKN1 and exon 2 of C. albicans ACTI were
used to detect the SKNT and ACTI mRNAs. Positions of the 25S and 18S rRNA
markers are indicated.
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FIG. 5. Disruption of C. albicans GSCI. (A) Strategy for the disruption of C.
albicans GSC1 (CaGSCI1) and the region of the DNA used for the probe.
Restriction endonuclease sites together with nucleotide positions numbered
from the EcoRI site present in the 5’ noncoding region of GSCI are indicated.
5-FOA, 5-fluoroorotic acid. (B) Integration of the hisG sequences into GSCI
alleles was confirmed by Southern blotting. Twenty-five micrograms of genomic
DNA that was digested with EcoRI, Sall, and BstPI was fractionated by agarose
gel electrophoresis, transferred to nylon membranes, and hybridized with a
1.0-kb Ball-EcoRI fragment of C. albicans GSCI as a probe. Bands derived from
the GSCI allele with a BstPI site, the GSCI allele without a BstPI site, the
gsclA::hisG-URA3-hisG allele, and the gsclA::hisG allele are indicated by a, b, c,
and d, respectively. Lane 1, CAI4; lane 2, GSC(+/+/—) with URA3; lane 3,
GSC(+/+/—) without URA3; lanes 4 and 5, GSC(+/—/—) with URA3; lanes 6
and 7, GSC(+/—/—) without URA3.

Involvement of C. albicans GSCI in f-glucan synthesis.
Among C. albicans GSC1, GSLI, and GSL2, GSCI seems to be
the gene that is most closely related to S. cerevisine GSC1/FKS1
because of its expression level and the size of the ORF. To gain
more insight into the physiological roles of C. albicans GSCI, we
disrupted the GSCI gene by using the ura blaster protocol (Fig.
5A). Southern blotting detected the 1.0- and 2.0-kb bands when
C. albicans CAI4 genomic DNA was digested with EcoRI, Sall,
and BstPI and hybridized with the 1.0-kb Ball-EcoRI fragment of
GSC1 as a probe. Unexpectedly, three bands appeared when one
of the GSCI alleles was disrupted by the hisG-URA3-hisG mod-
ule (Fig. 5B). Because all three bands derived from C. albicans
GSC1, strain CAI4 would contain three GSCI alleles. Further
introduction of the hisG-URA3-hisG-disrupted allele subse-
quently converted either the 1.0- or 2.0-kb band into a 2.8-kb
band. This also became a 4.7-kb band after 5-fluoroorotic acid

J. BACTERIOL.

250

g

200 —
150 —
100 —

50+

carbohydrate content (mg/g dry yeast cells)

1 2 3 1 2 3 1 2 3
alkali- and acid- alikali- soluble glucan total glucan
insoluble glucan

FIG. 6. B-Glucan and C. albicans GSC1 mRNA levels in wild-type, GSC1(+/
+/—), and GSC1(+/—/—) strains. Cell wall B-glucan was extracted from CAI4
(column 1), GSC1(+/+/=) (column 2), and GSCI1(+/—/—) (column 3) strains,
and the levels of total, alkali-soluble, and alkali- and acid-insoluble B-glucan
were determined.

selection (Fig. 5B). Thus, two of the three GSCI alleles were
disrupted by hisG sequences in this strain. Further analysis by
restriction enzyme mapping revealed that there was a restriction
enzyme polymorphism within GSCI loci and that the polymor-
phism was due to the absence of a BstPI site in one of the three
GSC1 alleles. Disruption of any two of the three GSCI alleles was
possible, but we have never achieved the null mutation of GSCI
irrespective of extensive transfection and screening, suggesting
that GSCI is an essential gene in C. albicans. In this study, C.
albicans strains that harbored one and two disrupted GSC! alleles
were designated GSC1(+/+/—) and GSC1(+/—/—), respectively.

GSC1(+/+/—) and GSCI(+/—/—) strains grew normally
and did not exhibit any morphological change as judged by
light microscopy. However, the disruption of one of the three
GSC1 alleles decreased cell wall B-glucan by 10 to 20% (Fig.
6). The effect of the disruption of GSCI alleles on B-glucan was
more significant when two GSC1 alleles were disrupted; B-glu-
can content in the GSC1(+/—/—) strain was about half of that
in parental CAl4 cells (Fig. 6). Furthermore, there was a cor-
relation between the amounts of B-glucan and GSCI mRNA.
The amount of GSCI mRNA in GSC1(+/—/—) was about 50%
of the wild-type level, whereas the level in GSC1(+/+/—) was
only slightly lower than that in the parental strain CAI4 (Fig.
7). These results demonstrate that GSCI is involved in B-glu-
can synthesis in C. albicans. It should be also noted that there

CaGSC1

m‘ actin

FIG. 7. C. albicans GSCI mRNA levels in wild-type, GSC1(+/+/—), and
GSC1(+/—/~) strains. Poly(A)* RNAs extracted from CAI4, GSCI(+/+/-),
and GSC1(+/—/—) strains were hybridized with probe 1 of C. albicans GSCI
(CaGSC1I) or an ACTI probe (actin). The region of DNA used for the GSCI
probe is indicated in Fig. 1.
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CAl4
GSC1(+/+/-)
GSC1 (+/-1-)
GSC1(+/+/-)

GSC1 (+-/)

FIG. 8. Calcofluor White sensitivity of strains CAI4, GSC1(+/+/—), and
GSC1(+/—/—). Ten thousands cells of the indicated strains were seeded on YPD
agar plates in the presence (+) or absence (—) of Calcofluor White (1 mg/ml)
and incubated for 24 h at 30°C. Results of two independent colonies from
GSC1(+/+/—) and GSC1(+/—/—) are shown.

was no allele-specific effect by GSCI disruption on B-glucan
amount and GSCI/ mRNA level (data not shown).

The fact that some of the mutants which were hypersensitive
to Calcofluor White were also defective in B-1,3-glucan syn-
thesis (29) prompted us to examine whether the disruption of
C. albicans GSCI alleles affects the sensitivity to Calcofluor
White. As shown in Fig. 8, GSC1(+/—/—) cells were more
susceptible to Calcofluor White than parental CAI4 and
GSC(+/+/—) cells. On the other hand, echinocandins inhibit
the growth of fungal cells through the inhibition of B-1,3-
glucan synthase. It has been demonstrated in S. cerevisiae that
FKS1 is necessary for susceptibility to the echinocandin class of
antifungal drugs (6, 9). We therefore examined whether the
disruption of one or two C. albicans GSCI alleles confers
partial resistance to echinocandins. However, the sensitivities
of GSC1(+/+/—) and GSC1(+/—/-) to echinocandin B were
essentially the same as that of CAI4 (data not shown).

Although the physiological functions of C. albicans GSL1
and GSL2 remain to be established, all of these results dem-
onstrate that GSCI is required for B-glucan synthesis in C.
albicans.

Purification of B-glucan synthase. Since C. albicans GSCI is
highly homologous to S. cerevisiae GSC/FKS and is required
for B-glucan synthesis in vivo, it is likely that GSCI is the gene
for B-1,3-glucan synthase of C. albicans. We have addressed
this possibility by purifying and determining the amino acid
sequences of the enzyme. B-1,3-Glucan synthase was extracted
from C. albicans membranes with 0.1% CHAPS and 0.02%
cholesteryl hemisuccinate and purified by product entrapment
(12). By repeating the product entrapment procedure, the en-
zyme was purified by several hundred-fold, and a 210-kDa
protein that was termed p210 was sequentially enriched. Next,
we generated monoclonal antibodies by using the partially
purified B-1,3-glucan synthase fraction as an antigen. One of
them, CF2A4, immunoprecipitated -1,3-glucan synthase activ-
ity, and it specifically reacted with p210 by Western blotting
(Fig. 9), demonstrating that p210 is a subunit of B-1,3-glucan
synthase.

To confirm that C. albicans GSCI encodes p210, the protein
band was excised from the gel and partially digested with lysyl
endopeptidase. Microsequencing five peptides that were pro-
duced by lysyl endopeptidase digestion revealed that all of the
sequences determined in the peptides derived from p210 were
found in the deduced amino acid sequence of C. albicans Gsclp
(Fig. 2A). Given these results, we concluded that C. albicans
GSCI encodes a subunit of 3-1,3-glucan synthase.
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DISCUSSION

We have cloned C. albicans GSC1, the C. albicans homolog
of GSC1/FKS1. Unexpectedly, C. albicans CAI4 cells possessed
three copies of GSCI in the diploid genome, and in Southern
blotting, one of the GSCI alleles displayed a pattern different
from those of other two GSC1 alleles when the genomic DNA
was digested with BstPI. Since no other genes have been re-
ported to be present in more than two copies in CAI4, trisomy
may be specific to the GSCI locus in this strain. Disruption of
two GSCI alleles decreased both GSCI mRNA and cell wall
B-glucan levels by about 50%, and all amino acid sequences of
the peptides derived from p210 that was copurified with 8-1,3-
glucan synthase activity were found in the deduced amino acid
sequence of Gsclp. Thus, it appears that GSCI encodes a
subunit of B-1,3-glucan synthase in C. albicans and that 3-1,3-
glucan synthase is highly conserved at least in S. cerevisiae, C.
albicans, and A. nidulans.

We have shown that the C. albicans GSC1 mRNA is pref-
erentially expressed in yeast cells. In some experiments, we
observed the shorter mRNA of approximately 3 kb with a C.
albicans GSCI probe. Since 3-kb mRNA was detected only
when the 3’ region of the ORF was used as a probe, it seems
that the shorter GSCI mRNA is missing the 5’ region of the
OREF, and therefore it would encode an N-terminally truncated
protein. However, we cannot rule out the possibility that the
shorter GSCI mRNA was a degraded product of intact
mRNA.

In addition to GSCI, two GSCI-related genes, GSLI and
GSL2, are present in the C. albicans genome. Although GSLI
was expressed as a 3.5-kb mRNA, GSL2 mRNA was undetect-
able in either yeast or hyphal cells. This finding implies that the
GSL2 gene is silent and redundant. Disruption of the GSL
genes is under way in an effort to understand the physiological
roles of these genes. Preliminary experiments revealed that the
GSL2 gene is not essential for vegetative growth.

The expected molecular weight of C. albicans Gsllp is less
than those of other Gsc/Fks proteins, but the protein encom-
passes the central regions of Gsc/Fks proteins where the pu-
tative long cytoplasmic domain exists. Furthermore, the amino
acid sequence of the putative long cytoplasmic domain is highly
conserved among all Gsc/Fks and Gsl proteins (Fig. 10). Al-
though the physiological functions of C. albicans Gsl proteins

200K = | iy

97.4K
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46K
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FIG. 9. SDS-polyacrylamide gel electrophoresis of C. albicans glucan syn-
thase purified by product entrapment. Lane 1, protein size marker (Rainbow
markers, PRN 756; Amersham); lane 2, partially purified B-1,3-glucan synthase
after two cycles of product entrapment, separated by SDS-7% polyacrylamide
gel electrophoresis and stained by Coomassie brilliant blue R-250; lane 3, West-
ern blotting of the preparation in lane 2. Proteins were transferred to a polyvi-
nylidene difluoride membrane and probed with monoclonal antibody CF2AS.
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1339 : fMIVL INYGALKHET INEN YN SDLE|IDP LMATFOAP LTHI INKVNRCV IS I IVEIF[JSEVELAY IR R §F HFMEEVEVCO QNLSFEGHRMI ATGRGF ATAR TP FRGPS IMTFRLLIML 1488
1461 : LreTvARpoarfluiwasLs st rAPRvERERERAwEpF L Ao v 1 L SRONNOY BRNE W1 GYvRMSRAR L TRFRRK - LVGDE SEKAAGDASRARRTNL IMAE T 1 PCAT Y-AAGCF TAFTF INAQTY K~TTOD| 1600
1480 :LFGT ASL IFAPHIF OFHLPYRDY I KYHRNSWIGY THFKRK-L SRAHRTNLIMAE I IPCAIY-AAGCFIAFTF INAQT VK-TTDEDRVNSTH 1619
1465:LFGTV ASL F|IF JFFLDYIRDF I IGYVRL I THFKRK-LTGDV: AGDASR VLFADFLPTLIY-TAGLYVAYTF INAQTGVTSYPYEINGSTDPQPVNSTY 1612
925 : LFASITIWRKSHL VITI ISCLAPFIF QENFVDFHVDYRDYVRHAL "HYTKVR LT FDGGYVSGRNTATFNLLLGEVASPSINLILYLLP YLFLHSSPKSTC IQCEKSTNKVNS SCIGTLSREFGGSFl| 1074
1241 : FYCSLSMWKLOH. ITILGUL ICPFLY] DE[SWNDF FLDYKEC I OWF RLSSWINFTRL I RYS INEE IKVVSEVKPSRF~KLIISESFLQL-~CVITLVGLAYLFTN-SQNG-S--—RGTY--~PVNSI}| 1378
1489:LFSTST IWEWVSLLARC ISPHLF) RHAWNDE H{IPYRD YT RWLSRGNSRSHASS WI GPCRL ITEYH "LGVPSE-KGSGDVPRARITNIFFSBIVAPL-—VLVAVTLVPYLYIN—SRTGVSADVDGGND——PHDAIL 1631
1601 :RIIICTLAP IAVNLGVLFFCMGMSCCSGP LFGMCCKKTGSVMAGI ARGVAV IVHI AFF I VMWVLE SFNFVRML IGVVTC 1QCQ-RLI FRCMTALMLTREFKNDHANTAFWTGKWY 'QP SRELTAKVIELSEFAADFVLGHV 1749

1620 :RIIICTLAP IVID IGVLFFCMGLSCCSGP LLGMCCKKTGSVMAGI ARGI AVVVHIVFF 1 VMWVLEGF SFVRML IGVVICIQCQ-RLIFECMTVLLLTREFKNDHANTAFWTGKWY STGLGYMAWTQP TRELTAKV IELSEFAADFVLGRV 1768
1613 :HLI ICALAPVVIDMGCLGVCLAMACCAGPMLGLCCKKTGAV IAGVARGVAV IVRI IFF I VMWVTEGFNFARLMLG IATMIYVQ-RLLFKFLTLCFLTREFKNDKANTAFWTGKWYNTGMGWMAFTOP SREFVAKI IEMSEFAGDFVLARI 1761
1075: ~NVLNSCAIGWNMV- 1090
1379:HILIISFVP IGVNLVILIACFVVSISIGP IFTLFCKKFPSFVAAIARLLAVANHVFFFELLWLFQNWNF SVTVLGFALSAL IQCHFL-QMMTILLVSREFRHDRSNRSWWSGKWATAGLGWY I ITQPMREAVCKLSEMS YFAGDLVATHI 1527
1632 :JTAIVAFGP IGINAGVAAVFFGMACCMGP 1LSMCCKKFGAVLAAIARAIAVIILLVIFEVMFFLEHWSWPRCVMGMI AMAA1Q-RFVYKLI IALALTREFKHDQSN 1 AWHTGKW--YNMGWES LSOPGREFLCKITELGYFSADFVIGHL 1778

1750 : ILICQLPLI ITPKIDKFHS IMLFWLKP SRQIRPP1YSLKOTRLRKRMVKKYCS LYFLVLAIFAGC I IGPAVASA--KIEKB IGDSLDG-VVHNLFQP INTTNNDTGS QMS—TYQSHYY~TH~TPSLKTWST IK—— 1876
1769:ILIFQLPVICIPKIDKFHS IMLFWLKP SROIRPPIYSLKQARLRKRMVRRYCSLYFLVLI1FAGC IVGPAVAS A-~HVP KDLGSGLTG-TFHNLVQP RNVSNNDTGSQMS—TYKSHY Y- TH—TPSLKTWST IK—~ 1895
1762 : ILFCQLP LLF IPLVDRWHSMMLFWLKP SRLIRPP I YSLKQARLRKRMVRKYCVLYFAVL ILFIVI IVAPAVASGQIAVDQF AN IGGSGS IADGLF QP RNVSNNDTGN HRPKTY THSYLS TRFTGS TTPYSTNPFRV 1897
1091

1528 : ILFAQIP ILLIPYADKWRTLMLFWLKPGNQIRPRTLSKRQKRRRRFOANLYLL IFLLGLILFSSIFVLPLIA-TKYFDIEFSEYIPEFFHPL——~FQP YDAPT S] KKKLE- I-KH--Y- 1640
1779 :LLF IMLPALCVPY IDKFHSVILFWLRP SRQIRPP I YSLKQSKLRKRRVVRFAI LYFAMLILFLVLLIAPLIARNQDLNLKMSG ILLELMQP LD-SNNNDTMTS YTGSGVPKGMEP TASPSSYLTNLNN———————~ 1905

10. Amino acid sequences of Gsc/Fks and Gsl proteins, compared by using the Genetyx program (version 8.0). Amino acids that are conserved among six

proteins are boxed. The region corresponding to the putative long cytoplasmic domain is underlined. Dashes indicate gaps introduced to optimize alignment. Gsclp,
S. cerevisiae Gsclp; Gsc2p, S. cerevisiae Gsc2p; CaGsclp, C. albicans Gsclp; CaGsllp, C. albicans Gsllp; CaGsl2p, C. albicans Gsl2p; FksAp, A. nidulans FksAp.
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