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The XPR2 gene encoding an alkaline extracellular protease (AEP) from Yarrowia lipolytica was cloned, and
its complete nucleotide sequence was determined. The amino acid sequence deduced from the nucleotide
sequence reveals that the mature AEP consists of 297 amino acids with a relative molecular weight of 30,559.
The gene codes for a putative 22-amino-acid prepeptide (signal sequence) followed by an additional
135-amino-acid propeptide containing a possible N-linked glycosylation site and two Lys-Arg peptidase-
processing sites. The final Lys-Arg site occurs at the junction with the mature, extracellular form. The mature
protease contains two potential glycosylation sites. AEP is a member of the subtilisin family of serine proteases,
with 42.6% homology to the fungal proteinase K. The functional promoter is more than 700 base pairs long,
allowing for the observed complex regulation of this gene. The 5' and 3' flanking regions of the XPR2 gene have
structural features in common with other yeast genes.

The dimorphic yeast Yarrowia lipolytica has been studied
for its alkane utilization (2), its lysine metabolism (8), and its
secretion of several relatively large proteins, including an
alkaline protease (20, 27), an RNase (4), and several acid
proteases (29). Recently, DNA-mediated transformation
systems have been developed for Y. lipolytica (5, 7) on the
basis of homologous integration of vectors containing select-
able markers. The complete nucleotide sequence of only one
Y. lipolytica gene, the isopropylmalate dehydrogenase
(LEU2) gene, has been reported (6). The LEU2 gene has
been used as the selective marker in shuttle vectors and
contains many features common to Saccharomyces cerevi-
siae genes and other eucaryotic genes.
The alkaline extracellular protease (AEP) is the major

protein secreted by most Y. lipolytica strains examined.
Between 1 and 2 g of protease per liter has been obtained
from cultures grown to a high density, and the purified
enzyme has been biochemically characterized for pH opti-
mum and inhibition by typical serine protease inhibitors (27).
The enzyme is classified within the subtilisin family (EC
3.4.21.14) of serine proteases. The molecular weight of the
AEP has been estimated to be 28,000 to 31,000 by various
physical methods (20, 27). The amino acid sequence of the
N-terminal 25 residues of the mature extracellular enzyme
has been determined (20). Mutants unable to secrete prote-
ase fell into 11 different complementation groups (19). One of
these complementation groups was the AEP structural gene,
XPR2 (26).

In this paper we describe the cloning and DNA sequencing
of the alkaline protease gene and the deduced AEP amino
acid sequence. We have also established the extent of
upstream DNA required for independent expression of the
gene. The secretory signals of the precursor protein have
been identified. The analysis of the XPR2 gene is an impor-
tant step toward engineering vectors that will allow Y.
lipolytica to secrete foreign proteins.

* Corresponding author.

MATERIALS AND METHODS

Strains and plasmids. The strains and plasmids used in this
work are shown in Table 1 and Fig. 1, respectively.

Media. YPD-rich medium for routine culturing and defined
medium for selection have been described previously (5).
Skim-milk plates (19) were used to detect protease-secreting
colonies by the formation of zones of clearing. Glycerol
proteose-peptone liquid medium was used to grow cells
induced for AEP production (20). To select for biotin
prototrophy and against bio-6 mutants, desthiobiotin (25
pug/ml) was added to minimal medium lacking biotin.

Y. lipolytica molecular biology. Transformation of Y.
lipolytica and chromosomal DNA isolation have been de-
scribed previously (5). The construction of a gene library of
Sau3AI partially digested Y. lipolytica DNA in the LEU2-
containing vector pLD40 was similar to the construction of a
library in pBR322 (5). The Sau3AI partially digested NRRL
Y-1094 wild-type DNA was size fractionated on agarose
gels, and the 3- to 15-kilobase (kb) range was used in a

ligation reaction with BamHI-digested pLD40. Approxi-
mately 25,000 independent Escherichia coli colonies, con-
taining a total of 45,000 to 60,000 kb of insert Y. lipolytica
DNA, resulted from the bacterial transformation with the
ligation mix. Mixed plasmid DNA, prepared from bacteria
harvested from the ampicillin selection plates, served as the
source of library DNA for use in Y. lipolytica transforma-
tions.
DNA sequencing. Nucleotide sequence analysis was per-

formed on overlapping restriction fragments prepared from
pLD58, pLD84, pLD86, and pLD108 and their subclones.
The restriction fragments were either 5' end labeled with
[_y32P]ATP and polynucleotide kinase or 3' end labeled with
[o32P]ddATP and terminal transferase, isolated from 5%
polyacrylamide gels by electroelution, and sequenced by the
chemical degradation method (14). DNA sequence analysis
was aided by computer programs (IntelliGenetics, Inc.,
Mountain View, Calif.).
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TABLE 1. Y. lipolytica strains used

Strain Relevant genotype Source oror description reference

ATCC 20688a MATA leu2-35 ura3-11 5
ATCC 20774a MATB leu2-40 xpr2-1002 bio-6 This work
ATCC 20781a Leu+ Xpr+ transformant of This work

ATCC 20774
ATCC 20794a ATCC 20774 transformed with This work

pLD56 (BIO)
NRRL Y-1094 Wild type NRRLb

a Deposited with the American Type Culture Collection, Rockville, Md.,
under the terms of the Budapest Treaty.

b Northern Regional Research Center, Peoria, Ill.

RNA studies. Poly (A)' RNA isolation, glyoxal RNA
blots, and avian myeloblastosis virus reverse transcriptase
primer extension techniques have been described previously
(6). The 15-mer oligonucleotide used for primer extension,
5'-ATAGTAAAGGCGGTA-3', is complementary to a re-
gion beginning 12 base pairs (bp) into the structural gene.
The 21-mer used as a probe for the RNA blot, 5'-
ACAACGATGAACTGATCCTTC-3', is complementary to
a region beginning 92 bp into the structural gene.

RESULTS

Gene library construction and screening. To clone XPR2,
the structural gene for the secreted alkaline protease, a
library was constructed consisting ofSau3A DNA fragments
of wild-type Y. lipolytica (strain NRRL Y-1094) inserted into
the BamHI site of the LEU2-containing vector pLD40 (5).
Knowledge of the sequence of the LEU2 selectable marker
was used to choose five restriction enzymes (ApaI, BglII,
BstXI, NcoI, and XhoI) that cut only in the LEU2 region of
pLD40, but not in the pBR322 region. Cut DNA is necessary
to obtain high transformation frequencies (1,000 to 100,000
transformants per ,ug of DNA per 108 cells), and also to
direct integration (target) to chromosomal regions homolo-
gous to the cut region, as was first discovered for S.
cerevisiae (21). This approach was previously used to clone
the URA3 gene with a leu2 ura3 double mutant recipient and
ApaI-cut library DNA (L. S. Davidow, D. Apostolakos, I.

Stasko, and J. R. DeZeeuw, in Molecular Biology of Yeast
1985. Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y., abstract, p. 63, 1985).
To screen the library for the XPR2 gene, the recipient

strain, ATCC 20774, (leu2 xpr2 bio) was transformed to
leucine independence and then replica plated to skim-milk

FIG. 1. Plasmids used. These plasmids were recovered from the Y. lipolytica gene library or Y. lipolytica transformants or were subclones
of such plasmids. The Y. lipolytica inserts and genes contained on the plasmids are as indicated by the thicker lines. pLD108, pLD84, and
pLD86 are library plasmids found by colony hybridization to an XPR2 probe. pLD114 contains the fully functional XPR2 promoter plus
structural gene and was constructed from segments of pLD108 and pLD84. pLD58 was recovered from a BgIII partial digest of DNA from
a protease-positive Y. lipolytica transformant and contains the xpr2-1002 allele and an artificial BgIII junction representing thejoining of DNA
from the left and right sides of the integrated vector. The Y. lipolytica DNA following the artificial junction is marked "Back" to indicate that
excision and circularization of the DNA reversed its orientation with respect to the XPR2 gene. pLD51 was recovered (precisely) from an
ApaI digest of a biotin-independent and leucine-independent transformant that had integrated a library plasmid at LEU2. Restriction sites for
BamHI (Ba), BgIII (Bg), EcoRI (E), and HindIII (H) are shown for the XPR2-containing plasmids. MluI (Ml), NcoI (Nc), NruI (Nr), PstI (Ps),
PvuII, (Pv), and EcoRV (RV) are indicated for pLD51.

J. BACTERIOL.
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probe series I--protein val thr gin trpg ly
DNA 5' GTX ACX CAI TGG G 3'
probe 3' CAX TCX GTY ACC CC 5'
170 CM TGX CTY ACC CC
172 CAT TGX GTY ACC CC
174 CAG TGX GTY ACC CC
176 CAC TGX GCY ACC CC

probe series II--trotein lys lys
probe 3' mFY TTY
180 TTC Ty

182 flm TTY
184 mmrrTY
186 TTC Y

aim gin thr
GCX CAU AC 3'
CCX CTY TC 5'
CGX CTC TG
CGX GTC TG
CGX GTT TG
CGX GTT TG

FIG. 2. Oligonucleotide probes for the alkaline extracellular pro-
tease structural gene. The eight mixed 14-mer probes were based on
two different regions (beginning at amino acid residues 7 and 18) of
the published 25 N-terminal residues of the mature, secreted alka-
line protease (20). Abbreviations: X, all four bases; U, purines; Y,
pyrimidines. Probes 174 and 180 gave positive signals with the
recovered protease clone pLD58.

indicator plates. No protease-positive transformants were
found in experiments with library DNA cut to completion
with any of the five enzymes listed above, because the XPR2
gene contains recbgnition sites for all five enzymes. How-
ever, a protease-positive transformant, ATCC 20781, was
obtained following transformation of the recipient with BglII
partially digested (22) library DNA.

Recovering the XPR2-containing plasmid. Rescue of an
integrated transforming plasmid from Y. lipolytica chromo-
somal DNA requires a restriction digestion, ligation, and an
E. coli transformation for ampicillin resistance, as in the
previous cloning of URA3. DNA blot analysis of the XPR2
transformant ATCC 20781 revealed that the strain was not
an integrant in the LEU2 region. The transforming plasmnid
had integrated at XPR2. Complete BglII digests of ATCC
20781 total DNA allowed the rescue of a plasmid containing
a slight deletion of pBR322 and LEU2 DNA distal to the
BglII site in LEU2, as well as some new DNA from the
XPR2 region up to the first BglII site. Partial BglII digests of
ATCC 20781 bulk DNA allowed the recovery of larger,
overlapping plasmids, the largest of which was designated
pLD58 (Fig. 1).

Mixed, 14-mer oligonucleotide probes (Fig. 2) based on
the known N-terminal amino acid sequence of the extracel-
lular protease (20) were used to demonstrate the presence of
the alkaline protease structural gene in the recovered plas-
mids. Since a 900-bp BglII fragment hybridized to both
probes 174 and 180, it was concluded that this region of the
plasmids contained the structural gene. DNA sequencing
(described below) of the recovered plasmid pLD58 (Fig. 1)
verified this conclusion.

100bp
LJi

Sph Sau3A
Hind Ill Pat Tthl I1 Aat If NslIScil Nhel Nsi I Pvu I Sna Bl Eco R IV Api

Colony hybridization to obtain the NRRL Y-1094 XPR2
allele. To be certain of obtaining the unrecombined NRRL
Y-1094 positive allele of XPR2, we used the recovered
protease gene as a colony hybridization probe against the
original gene library. E. coli colonies containing plasmids
designated pLD84, pLD86, and pLD108 (Fig. 1) were among
those recovered as hybridizing to a 2-kb PvuI-EcoRI frag-
ment (which contained the structural gene) from the plasmid
pLD58.

Retransformation as a functional test of XPR2-containing
plasmids. The functionality of the recovered plasmids was
tested by transformation of the original leu2 xpr2 double-
mutant recipient with BgIII partial digests of pLD58,
pLD84,and pLD86. For pLD84 and pLD86, the majority of
the leucine transformants were protease positive. Therefore
these two plasmids contain the wild-type (NRRL Y-1094)
allele of XPR2. A different result was obtained for pLD58.
None of the leucine-independent transformants was protease
positive. Presumably, pLD58, which was rescued from the
original protease-positive transformant, contained the xpr2-
1002 negative allele.
To be certain that a plasmid-specific effect was not respon-

sible for the apparent protease-negative phenotype of
pLD58, identically sized 2-kb PvuI-EcoRI fragments from
both pLD58 and pLD86 were subcloned, with linkers, into
the HindIll site of the LEU2 vector pLD40. Transformation
experiments again showed that the subelones from pLD58
were protease negative, whereas the subclones from pLD86
were protease positive. Hybrid plasmid constructs, taking
restriction fragments from the positive and mutant alleles,
localized the defective site as farther 3' than an XbaI site in
the region coding for amino acid 13 of the matUire protein.
DNA sequehcing showed a single-base-pair difference in the
C-terminal region of the structural gene between the tWo
subclones (Fig. 3, legend).
DNA sequencing. Plasmids containing the recovered XPR2

gene region were sequenced to localize the structural gene
for the alkaline protease and its 5' and 3' flanking regions.
Since different gene library plasmids supplied the extreme S'
and 3' ends of the region sequenced, we performed a DNA
blot experiment to verify that an XPR2 probe hybridized to
a unique 3.7-kb HindIII-EcoRI fragment of NRRL Y-1094
chromosomal DNA identical in size to the large, recon-
structed XPR2 insert in pLD114 (Fig. 1). A detailed restric-
tion map and the strategy used for nucleotide sequence
analysis of the 4.1 kb of the yeast genomic DNA between a
HindlIl site and a BglII site containing the XPR2 gene and
flanking regions are shown in Fig. 3. The nucleotide se-
quence of the XPR2 gene region is shown in Fig. 4.
AEP structural gene. To locate the alkaline protease cod-

ing region, we took advantage of the previously determined
N-terminal amino acid sequence of the mature enzyme (20).

Eco RV
Bg111 Kpn XhoI Bam Hl Kpn I

a I paP Saol I Xba Sal I XhoIBgl!l Nco Eco RI bg9!
ATG TAG

- 4- o-o * * 4 ** *
**b * * * t *-Z*-,--.*-

0- e ... , -, -

*-f* o -,*

FIG. 3. Restriction endonuclease sites and DNA sequencing strategy. The 4,049 bp of the XPR2 region of Y. lipolytica chromosomal DNA
is diagrammed. The sequence was obtained from several overlapping plasmids containing either the wild-type or the xpr2-1002 allele. The
mutant differed from the wild type (shown) by a single-base-pair change (to AGT for serine) at bp 2701 (Fig. 4). 0, -+, <-, 5'-labeled termini
and the extent of useful sequence information; 0, 3'-labeled termini; -, protein-coding region for the preproalkaline extracellular protease
gene.
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15 30 46
AAQ CTT AGA GTT GAC TAC AAC CGG CTC AAG AAG GAG TGG TGG GTA CAG GAG GAC
Lys Lou Arg Val Asp Tyr Asn Arg Lou Lys Lys Glu Trp Trp Val Gln Glu Asp

80 76 90 106
AAG GAG CGG GAC GAC TTT TGG CGA GAC CAA CTT TCC CGA ATC GAA AAA GAC GTG
Lys Glu Arg Asp Asp Ph. Trp Arg Asp Gin Lou Sor Arg Ile Glu Lys Asp Val

120 136 150
CAC CGT ACC GAC CGA AAC ATC ACA TTT TTT GCC GAG TGT GAC GCC AAA AAG GAC
His Arg Thr Asp Arg Asn Ile Thr Ph. Ph. Ala Glu Cys Asp Ala Lys Lys Asp
186 180 195 210
OGG GAT GAT GAC AAC TAC GAT AAG GAT GAG TTT GGG TTT TCG TCC CAG ATA AAC
Gly Asp Asp Asp Asn Tyr Asp Lys Asp Glu Ph. Gly Ph. Sor Sor Gln Ile Asn

225 240 266 270
TCC AAC ATT CAT TTG ATC CAG CTC CGT GAC ATG TTG ATT ACC TAC AAC CAG CAT
Sor Asn Ile His Lou Ile Gln Lou Arg Asp MET Lou Ile Thr Tyr Asn Gln His

286 300
CTG GGC TAT GTC CAG GGC ATG
Lou Gly Tyr Val Gin Gly MET

346
CAG GAT GAC ACA CTG GCA TTT
Gin Asp Asp Thr Lou Ala Ph.
390 406
CGA AAC TAC CTC CGG GAC CAG
Arg Asn Tyr Lou Arg Asp Gin

450
CAT TTG GTC CAA TTT ATG CTT
His Lou Val Gin Ph. MET Lou

510
TCA ACC AAT CTG TTT TTC TTC
Sor Thr Asn Lou Ph. Ph. Ph.

666 670
TTG CTC TGG GAT GAC GTT TTG
Lou Lou Trp Asp Asp Val Lou

815
TCG TCC CAA TTT GTT CTA TTT
Sor Sor Gin Ph. Val Lou Ph.
660 675
GTC ATG ATT GAC CAT CTG GCT
Val MET Ile Asp His Lou Ala

720
CTG TCC ATG ACC ATC GAT TTG
Lou Sor MET Thr Ile Asp Lou

TAC CGA
Tyr Arg

826

TCA GAC
Sor Asp

360
TGG GCG
Trp Ala

AGT
Sor
486

CTC CTA
Lou Lou

TTT
Ph.

GGC ATG
Gly MET

CCC TCA CTG
Pro Sor Lou

526
TTC AGA ATG
Ph. Arg MET

CGT CTG
Arg Lou

830
GTG
Va

GGG
Gly
735
GAC
Asp

780
TTC AGA CGT ACG GTC GAG
Ph. Arg Arg Thr Val Glu

840

TdG
Trp

TGC CTG
Cys Lou

TTT GAT
Ph. Asp

TCG
Sor
420

315
TCA CCG CTG TAT
Sor Pro Lou Tyr

376
GCC TTC ATG GAG
Ala Ph. MET Clu

AGA AAC CAG CTT CTT
Arg Asn Gln Lou Lou

480
TAC AAG CAC CTT GAG
Tyr Lys His Lou Glu

540
CTG CTG GTG TGG TTC
Lou Lou Val Trp Ph.

585
GAG GTG TTG TGG ACA
Glu Val Lou Trp Thr

845
GCT ATC CTC GAT AAG
Ala Ile Lou Asp Lys
690
GAG
GIu

GAG CTT CTT
Glu Lou Lou

796
CTT ATT GAC
Lou Ile Asp

ATT CTG
IIo Lou

760
GTT CGT
Val Arg

CGA
Arg
855

AAG
Lys

AAG TAC
Lys Tyr

GCC GAG
Ala GIu

810
AAC GAG
Asn GIu

AAC TCA GCG GAC GGC TCC GAG CCT GTT TCC ATC ACA GAG GAC CTG
Asn Sor Ala Asp Gly Sor Glu Pro Val Sor Ile Thr Glu Asp Lou

886 900 916
TTA TCT CGG AAA GTC ATT GTT GTG CGT GAG GGT GAG CGT CCT GAA
Lou Sor Arg Lys Val Ile Val Val Arg Glu Gly Glu Arg Pro Glu
930 946 956 988 978 988
GGT GGG TAG GTAATGCAGT TTGCATGCAT GAAGACACTA AACAAGCCAA CCATACAGCA

rGly Gly tIrmI
1008 1016 1026 1036 1048 1068

GCCTTGCACA TGATTTATTG ACAGGCCACC CAAACAGGCG TATGTATAGT ACTGTACCTT

1078
TTGTAGCTAA

1146
CAGTTAGAGC

1216
CATCCACCGG

1286
GCGTATCAGG

o-rmIII
1086 1098 1106

CATGTCGTTG CGTGGCGTAT GTACCAAGCC
1168 1168 1176

AGCAACGCGT GGAGAGTTTG GGTTTTGGGT
1228 1238 1248

CTAGCGGAAC ACAGTGTCAA GACAAGCCTG
1296 1306 1318

TACAATCTGA GGTGTCTCAC AAGTGCCGTG

The region of the DNA sequence that encodes this portion of
the protease was found with the aid of a computer program.
The amino acid sequence predicted from the DNA sequence
for the XPR2 gene product is shown in Fig. 4. Reading back
in frame from the first codon of the mature protease, a

methionine codon was encountered 157 codons upstream (at
bp 2098). This ATG codon was followed by an open reading
frame of 453 amino acids. Since all other methionine codons

1118

ACAGAAATTA
1188

TACGTACGTA
1256

CAACACAGTC
1328

CAGTCCCGCC

1128
TGTCAGAGAT

1198
GAGCCGTTTG

1288
ATAATATTTG

1338

CCCACTTGCT

in the several hundred nucleotides immediately preceding
this frame were followed shortly thereafter by an in-frame
stop codon, we concluded that the methionine codon at bp
2098 probably defines the translational initiation codon of the
protease precursor. The context supports this methionine
codon as the initiation codon, although unequivocal proof is
lacking. As discussed below, the nucleotide sequence up-
stream of this putative translational start contains structural

AAC AAG AAT
Asn Lys Asn

330
GTC GTG CTG
Val Val Lou

CGC ATG GAG
Arg MET Glu
436
TGT CTG GAC
Cys Lou Asp

495
AAG ACC CAG
Lys Thr Glu

AAG CGA GAG
Lys Arg Glu

600
GAT TAC CTG
Asp Tyr Lou

CAC AAG GAC
His Lys Asp
706
ATG AAC GAG
MET Asn Glu

786
CTC TTG TTC
Lou Lou Ph.

GAC AGA CGC
Asp Arg Arg

870
CGG GAA TTG
Arg GIu Lou

GGC GTA ATG
Gly Val MET

996
GAAGTATGTA

tormII
1086

CAGTAGACTA
1136

AAGGTCGCGA
1208

ATAGATGGTA
1278

CGATATTCAG

J. BACTERIOL.
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1346 1366
TCTCTTTGTG TGTAGTGTAC

1418 1428
CATCCCTGAA ACATTGATTG

1486 1498
CTTGTATCCT TAATTACACA

1556 1668
ACACTTTTCT CTCCTTTGTC

1388 1378 1386
GTACATTATC GAGACCGTTG TTCCCGCCCA

1436 1446 1458
GAAATTAACA TATGAGCTGC OTGCTTTTTG

h
1508 1518 1626

TGACCTCTTG AGCGCCACGG TACATTCCTG
1678 1588 1698

TGACATGTTG GTTAAGTTGT AGTCCAGGGA___________________________
1626 1836 1848 1858 1888

GTGGCAGCCT ACCCCACGCT ACCCACCACT GGCCCTGGTC TAACTTCGAC
k-

--------------- 11------Pt--------------l
1689 1708 1716 1728 1738

GATAGGCGGT GTGATTTACG ATGTGATGGA CAATGTTAGA GAGATCCCAC

1766 1778 1786 1798 1808
TTTACGTACG CACTOTACCA TGATGTCAAT GGAGTATGAT GAACCGACTT

1836 1846 1866 1888 1878
AACACCATGT TTCAGCGGAA TCCGACTTCC AACCCAAACC CAAGCCCCTG

1908 1918 1926 1938 1948
CGGCACCAAC TAATGCACAC ACTCCACCTG TATTGCACCA AGATAATGAG

1978 1988 1998 2006 2018
TGGCGAGAGC CGTGTTTCGT GACGCAATCA GAGCAGTTTC TGGATAGTAT
----I

2046 2058 2086 2076 2088
AAACCCCATC GACGGCCCG TTGAAGAGCA CCAACCCACT ATCCAATCCT

__> b d

1398 1408
CCTCGATCCG OGGTCCTATG

1486 1478
CATTCAAGOG CGCAGCTTAT

h v

1638 1646
GCGTCAGTTC GGTGGAGCOG

1606 1818
CACAAGGGGT TCCAACGGCA

1878 1888
GATCGGCATC AGGGTTCATG-kww

1746 1758
TACTTGTAGT CAGGCCATCT

1818 1828
TGAGAGACTC ACATCTGCAC

1888 1896
TCAGATATCG TGAGAAGGCA

1958 1988
GGCATCGTCT TGGCGCGTCT

----c----11I--c-
2028 2038

CTTGTCCAGA AACACGATAT

2098
CCAATCCAAC A ATN

d MET

2112
AAG CTC GCT ACC
Lys Lou Ala Thr

2167
0CC CCT GCC CCT
A I i XTa Pro

0

2
GCC GCT
Ala AlaI

AAG CAC
Lys His

2322
AOT AGC
Sor Sor

GTC GAC
Va I Asp
2427
ACO OAT
Thr Asp

GAC AAG
Asp Lys

GCC TT
Ala Ph

217
OCT CC
Ala Pr

IT
10
F2
:T
0I

I-----f------.
I---
217
GCC
Ala

CAC
His

GCT
Ala

2
GAG
Glu

GOA
Gly
2487
CTC
Lou

CTC CCC GAO
Lou Pro Glu

2692
GTC ACT
Val Thr

-0---_I

2127
ACT ATT CTC ACT 0CC GTT
Thr Ile Lou Thr Ala Val

2187
GAT GCT 0CC CCT GCT OCT
Asp Aa iT o Via Ala

f

CTO
Lou

Va I

2232 2247
TAC TCA TCT ATT CTG TCC OTG GTC OCT AAG
Tyr Sor Sor Ile Lou S-r Val Val Ala Lys

2277 2292
AAG CGA GAT CTT OAT GAG AAG GAT CAG TTC
Lys Arg Asp Lou Asp Glu Lys Asp Gln Ph.

2337 2362
ACT OTT GAC CAG ATC GCC TCC GAA ATC CAG
Thr Val Asp Gln Ile Al* Sor Olu Ile GIn
'382 2397
GAC TCG TCC AAC GOT ATC ACC TCT OCT CTT
Asp Sor Sor Asn Gly Ile Thr Sor Ala Lou

2442 2467
TCT CGC TTT CTC OGA TTT OTT GGA AAG TTC
Sor Oly Ph. Lou Gly Ph. Val Oly Lys Ph.

2602 2617
AAG GAG TCG TCT OTT CTG ACG GTC GAG CCC
Lys Glu Sor Sor Val Lou Thr Val Glu Pro

2647 2682
ATT CCT GCT TCT TCT AAT GCC
Ile Pro Ala Sor Sor Asn Ala

CAA TOG GGC
Gin Trp Gly

2807
CTG TCT AGA
Lou Sor Arg

ATC TCT
Ile Sor

features known to be important for the transcription of other
yeast genes. In most cases, translation is initiated at the
AUG closest to the 5' end of a eucaryotic mRNA. As shown
in our mRNA studies (discussed below), this Met codon is
the closest to the 5' end of the XPR2 transcript. On the basis
of these considerations, the XPR2 coding region contains
1,362 bp (Fig. 4).

2142
GCC GCT CCC CTG GCC
Ala Ala Pro Lou Ala

2202
CCT GAG GGC CCT GCC
Pro Glu Gly Pro Ala

2262
CAG TCC AAG AAG TTT
Gln Sor Lys Lys Ph.

2307
ATC GTT OTC TTT GAC
Ile Val Val Ph. Asp

2387
AAG CTG GAC TCT CTG
Lys Lou Asp Sor Lou
2412
CAT CTT CCT
Asp Lou Pro

2472
AAC TCC ACT
Asn Sor Thr

GTC TAC
Val Tyr

ATC GTT
Ile Val

2632
OAT ACC ATT GTG TCT
Asp Thr Il. Val Ser

2577
AAG CGA GCT ATC CAG ACT ACT CCC
Lys Arg Ala Il. Gln Thr Thr Pro

mature protoaso --->
2822 2637

CAT AAG AAG 0CC CAG ACT GGA AAC
His Lys Lys Ala Gln Thr Gly Asn

The alkaline protease is synthesized as a precursor protein
that is proteolytically processed, possibly in several steps, to
the secreted or mature enzyme (S. Matoba, J. Fukayama,
and D. Ogrydziak, Yeast 2:S231, 1986). From the translation
of the nucleotide sequence, the unprocessed precursor is a
polypeptide of 454 amino acids, with a calculated rel4tive
molecular weight of 46,942 (Fig. 4). Cleavage of the 157

I
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2662 2887 2882
TAC CCC TAC GTT COA GAG ACA GTT GGC AAG CAC CCC ACC OTT TCT TAC OTT GTT
Tyr Ala Tyr Val Arg Glu Thr Val Gly Lys His Pro Thr Val Setr Tyr Val Val
2897 2712 2727 2742
CAC TCT GGT ATC CGA ACC ACC CAC TCC GAG TTC GGA GCC CGA OCT GTC TGG GGA
Asp Sor GIy Ile Arg Thr Thr His Sor Glu Ph. Oly Gly Arg Ala Val Trp Gly

2757 2772 2787 2802
GCC AAC TTC GCT GAC ACA CAG AAC GCT GAT CTT CTC GOT CAC GGC ACT CAC GTT
Ala Asn Ph. Ala Asp Thr CIn Asn Ala Asp Lou Lou Gly His Oly Thr His Val

2817 2832 2847
GCA OGT ACC GTG GGA GGA AAG ACA TAC OGA GTC CAC CCC AAC ACC AAO CTG GTG
Ala Gly Thr Val Oly Gly Lys Thr Tyr Gly Val Asp Ala Asn Thr Lys Lou Val

2882 2877 2892 2907
GCC GTC AAG GTG TTT GCA GGC CGA TCC GCA GCT CTC TCC GTC ATC AAC CAG GGC
Ala Val Lys Val Ph. Ala Gly Arg Sor Ala Ala Lou Str Val Ile Asn Gin Gly

2922 2937 2962
TTC ACC TGG OCT CTC AAC GAC TAC ATC TCC AAG CGA GAC ACT CTG CCT CGA GGA
Ph. Thr Trp Ala Lou Asn Asp Tyr Ile Sor Lys Arg Asp Thr Lou Pro Arg Gly
2987 2982 2997 3012
OTO CTG AAC TTC TCT GGA CGA GGA CCC AAG TCC OCT TCC CAG GAC CCC CTA TGG
Val Lou Asn Ph. Sotr Gly Gly Gly Pro Lys Sor Ala Ser Gin Asp Ala Lou Trp

32I7 3042 3067 3072
TCT COA GCT ACC CAG CAG GGT CTO CTT GTC GCC ATC OCT GCG GGA AAC GAT GCC
Sor Arg Ala Thr Cin Glu Gly Lou Lou Val Ala Ile Ala Ala Gly Asn Asp Ala

3087 3102 3117
GTG GAC CCC TOT AAC CAC TCT CCC GCT AAC ATT GCA GGC TCC ACC TCT GGT ATC
Vol Asp Ala Cys Asn Asp Sor Pro Gly Asn Ilt Gly Oly Sor Thr Sor Gly Ilo

3132 43T7 3162 3177
ATC ACT GTG GGT TCC ATT CAC TCT AGC CAT AAG ATC TCC CTC TGG TCC GCT GGA
Ilt Thr Val Oly Sor Ile Asp Sor Sor Asp Lys Ile Sor Val Trp Sor Gly Oly

3192 3207 3222
CAG GGA TCC AAC TAC CGA ACT TGT OTT GAT GTC TTT GCC CCC GGC TCC GAT ATC
Cin Gly Sor Asn Tyr Gly Thr Cys Val Asp Val Ph. Ala Pro Gly Sor Asp Ile
3237 3262 3267 3282
ATC TCT GCC TCT TAC CAG TCC GAC TCT GGT ACT TTG GTC TAC TCC GGT ACC TCC
Ilt Sor Ala Ser Tyr Gln Sor Asp Sor Oly Thr Lou Val Tyr Ser Oly Thr Ser

3297 3312 3327 3342
ATO GCC TOT CCC CAC GTT GCC GGT CTT GCC TCC TAC TAC CTG TCC ATC AAT GAC
MET Ala Cys Pro His Val Ala Gly Lou Ala Str Tyr Tyr Lou Sor Ile Asn Asp

3367 3372 3387
GAG GTT CTC ACC CCT GCC CAG GTC GAG GCT CTT ATT ACT GAG TCC AAC ACC CGT
Glu Val Lou Thr Pro Ala Gln Val Glu Ala Lou Ilt Thr Glu Sor Asn Thr Gly

3402 3417 3432 3447
GTT CTT CCC ACC ACC AAC CTC AAG GGC TCT CCC AAC GCT GTT GCC TAC AAC GGT
Val Lou Pro Thr Thr Asn Lou Lys Gly Sor Pro Asn Ala Val Ala Tyr Asn Gly

3462 3472 3482 3492 3602 3612
GTT GGC ATT TAG GCAATTAACA OATAGTTTGC CGGTGATAAT TCTCTTAACC TCCCACACTC
Vat Gly Ilt .tormI

3622 3632 3642 3552 3682 3672 3682
CTTTGACATA ACGATTTATO TAACGAAACT GAAATTTGAC CAGATATTGT TGTAAATAGA AAATCTGGCT

tormIT tormIlI
3592 3802 3812 3822 3832 3842 3862

TGTAGGTGGC AAAATCCCGT CTTTGTTCGT CGGTTCCCTC TGTGACTGCT CGTCGTCCCT TTGTGTTCGA
3882 3872 3882 3892 3702 3712 3722

CTGTCGTGTT TTGTTTTCCG TGCGTGCGCA AGTGAGATGC CCGTGTTCGA ATTCCGTAGT CGCACGGACC
3732 3742 3752 3762 3772 3782 3792

ATCGGTTGCT CTGCACACAC ACACACCCGA GGCTGGAACC TACATCAOAC CACTACTTGC AGGCTTGATG
3802 3812 3822 3832 3842 3862 3882

CAACATTCAA GAAAAGCGCA AGCACTGOGT GATGTATAGC AGCTAACAGC AACTACTGCT CAACATGAAA
3872 3882 3892 3902 3912 3922 3932

AAGGAOGGTC TTAAGACGOC CAACACTGCT TTCTCTCTAC GCCTCAOCAA CGTCCTCTGC AACAGAGCAA
3942 3962 3982 3972 3982 3992 4002

CAGATAATCG CCTACCGAGA CAGAGACACA OACACAAACA GAAACAAAAG CAACAGAAAC TGCTGTAGTG
4012 4022 4032 4042

TGTTGCACTG AGGCGOAGAT TTAACCGTAT AATTCACGCT CAGATCT

FIG. 4. Nucleotide sequence and amino acid translation of the Y. lipolvtica XPR2 gene including the 3' end of the hypothesized nearest
upstream gene. The preproalkaline extracellular protease-coding region begins at bp 2098. The presumed 5' TATA box (bp 2034) and CAAT
box (bp 1991) are underlined, as are the tripartite components of the presumed transcription terminator (bp 3475 to 3549). The longest
transcriptional start is indicated by an arrow (bp 2065). The suspected signal sequence cleavage site is in the Ala-Pro-Ala region (bp 2155 to
2169). Vertical lines show the two Lys-Arg processing sites (bp 2277 and 2568). The three possible N-linked glycosylation sites (bp 2464, 2971,
and 3085) are underlined, as is the Gly codon (bp 2701) that is mutated to Ser in xpr2-1002. Repeated sequences b to g and possible dyads
(imperfect inverted repeats) h to k often overlap, as indicated.
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M-Phe 7 1.5) TCT-Ser 21 ( 4.6 TAT-Tyr 0 .0) TGT-Cys 3 .7
TTC-Phe 6 1.3) TCC-Ser 23 65.1 TAC-Tyr 13 2.9) TGC-Cys 0 .0
hTA-Leu 0 .0) TCA-Ser 1 .2 TM- 0 ) TGA- .0 .0
TTG-Leu 1 .2) TCO-Ser 2 ( .4 TAG- 1 .2) TGO-Trp 5 1.1

CUT-Lou 8 1.8) CCT-Pro 10 2.2 CAT-His 1 .2) CGT-Arg 0 .0CTC-L.u 10 2.2 CCC-Pro 11 2.4 CAC-His 7 1 .5 CGC-Arg 0 .0

CTA-L.u 1 .2 CCA-Pro 0 0 CAA-GIn 1 .2 CGA-Arg 9 2.0
CTG-Leu 12 2.6 CCG-Pro 0 0 CAG-Gln 13 2.9 CGG-Arg 0 0

ATU-Il: 8 1.8) ACT-Thr 14 3.1) MT-Asn 2 .4 AGT-Ser 1 .2
ATC-Ile 17 3.7) ACC-Thr 16 3.5) MC-Asn 17 ( 3.7 AGC-Ser 2 .4
ATA-Ile 0 .0 ACA-Thr 3 .7 AAA-Lys 0 e 0 AGA-Arg 1 .2
ATG-MET 2 .4 ACO-Thr 2 .4 MG-Lys 22 4.8) AGG-Arg 0 .0

GTT-Val 18 ( 4.0) GCT-Ala 22 4.8 GAT-Asp 12 ( 2.6 GCT-Gly 14 3.1)
GTC-Val 15 3.3) 0CC-Ala 28 6.2 OAC-Asp 17 3.7 OOC-Gly 12 2.6)
GTA-Val 0 G0) OCA-Ala 3 .7 OAA-Glu 1 ( .2 OGA-Gly 18 4.0)
GTG-Val 9 ( 2.0) GCG-Ala 1 2 CAG-Glu 12 (2.6 G-Gly 0 .0)

FIG. 5. Codon usage for the XPR2 gene. The numbers indicate
the frequency of use of each codon in the gene. Numbers in
parentheses express the frequencies as percentage of total codons.

amino acid prepropeptide from the precursor is then pre-

dicted to yield a mature protein of 297 amino acids and a

calculated relative molecular weight of 30,559. This value
agrees well with the previously reported relative mass esti-
mations of the AEP of 28,000 to 31,000 daltons (20, 27).

Precursors of hormones and other secreted proteins in

mammalian (24) or yeast (11) cells are often processed
proteolytically after pairs of basic residues. The KEX2 gene

codes for one such processing protease in S. cerevisiae. One
pair of Lys-Arg residues immediately precedes the mature
AEP N terminus. Another potential processing site (Lys-
Arg) exists in the prosequence of the AEP precursor 100
amino acids before the N terminus of the mature protein.
The putative precursor molecule generated by cleavage at
this KEX2-like cleavage site would have a calculated relative
molecular weight of 40,924. This might explain one of the
many precursor species found for AEP.

Analysis of the N-terminal amino acid sequence deduced
from the nucleotide sequence suggested the existence of a

signal peptide in the protease precursor polypeptide. This
signal peptide contains 22 amino acids and has structural
features similar to those of higher eucaryotic and procaryotic
signal peptides (23). The assignment of a presumptive signal
peptide to the first 22 amino acids of the protease precursor

was based on the following interpretation, which was con-

sistent with the empirical rules of typical presecretory se-

quences. A hydrophobic core of 13 amino acids with a

predicted a-sheet structure and a repeated element (Thr-Ala)
was preceded by a positively charged amino acid (Lys). Core
termination was defined by the occurrence of a Pro inter-
rupting the ,-sheet structure. We propose the existence of a

signal peptidase cleavage site (Fig. 4, coordinate 2163), 6
amino acid residues after the proline and following the most
frequently observed recognition signal Ala-X-Ala (where X
is any amino acid residue). Since there is also an Ala-X-Ala
following and overlapping the proposed signal peptidase site,
it is possible that cleavage occurs at this alternative site.
Codon usage. The codon usage in the XPR2 structural gene

(Fig. 5) shows a bias, as others have found for many genes of
the yeast S. cerevisiae (3). Of the 61 possible codons, 49 are

used in the XPR2 gene; however, 90% of the amino acids are

coded for by only 29 codons. A codon bias is evident in the
codon representation of several amino acids. For example,
the codon AAG for lysine is used 22 times and the codon
AAA is not used. For the amino acids arginine and proline,
two or more codons are absent: CGU, CGC, and AGG for
arginine and CCA and CCG for proline. The codon usage in
the XPR2 gene is not identical with all the codon biases of S.
cerevisiae genes. The codon bias in XPR2 is similar to that of
the Y. lipolytica LEU2 gene.

Base composition. The coding region of the XPR2 gene had
a base composition of 19% A, 32% C, 24% G, and 25% T.
This distribution of 44% A+T is slightly less than the overall
Y. lipolytica base composition of 49.6% A+T (13). The
relative scarcity of A and abundance of C are surprisingly
similar to the distribution seen for the LEU2 gene. The
presumed 3' fragment of the upstream open reading frame
had a very even distribution of bases (24% A, 23% C, 27% G,
and 26% T), as did the sequence between the two coding
regions (26% A, 26% C, 24% G, and 25% T).

Glycosylation. The purified AEP has been shown to con-
tain no more than 1.8% carbohydrate as determined by the
phenol-sulfuric acid method (20). N-linked glycosylation of
eucaryotic proteins occurs at the tripeptide sequences Asn-
X-Thr and Asn-X-Ser, where X may be any amino acid
except possibly aspartate (9). The amino acid sequence of
the precursor protease includes three such tripeptide se-
quences (indicated in Fig. 4), one of which contains Asp as
the middle residue. Two of the potential glycosylation sites
are in the mature protease coding sequence, and one is in the
prosequence region of the structural gene.

Functional unit size. To determine whether the plasmids
contained a whole, functioning XPR2 gene, the plasmids
containing the wild-type allele were integrated at a site(s)
other than XPR2, and transformants were assayed for pro-
tease production. Since the plasmids used were derivatives
of pBR322, we decided to integrate a copy of pBR322 into
the recipient host to serve as a receptor site, or docking
platform, for the integration of other plasmids. The biochem-
ically uncharacterized biotin marker in the recipient allowed
selective integration of a pBR322-containing plasmid into the
BIO region of ATCC 20774. Plasmid pLD51 (Fig. 1), one of
the BIO-containing plasmids recovered from an ApaI-cut
library-treated transformant, contained no EcoRI sites, ex-
cept those in LEU2. Therefore the LEU2 gene was precisely
excised from pLD51 to create pLD56, a plasmid containing
only pBR322 and the BIO gene at the BamHI site. The
unique MluI site within the BIO region was used to target
pLD56 for integration into the BIO region of ATCC 20774 to
create the strain ATCC 20794. The DNA structure of ATCC
20794 was verified, by a DNA blot experiment, to be a single
integrant (data not shown). Integrations into the chromo-
somal pBR322 of ATCC 20794, as well as integrations into
the XPR2 region, were used to determine the promoter and
terminator functions of XPR2 subclones.
Three similar plasmids, designated pLD92, pLD100, and

pLD114, containing 428 bp (PvuI), 707 bp (Sau3AI), and
2,097 bp (HindIlI), respectively, of DNA before the ATG at
position 2098 were compared for XPR2 promoter function.
Each contained its respective 5' untranslated region, the
XPR2 structural gene, and the 3' untranslated region through
the EcoRI site (at 3702 in Fig. 4) cloned (with HindIII
linkers) into pLD40 in the same orientation. To direct
integration of each plasmid into the chromosomal copy of
pBR322 in ATCC 20794, pLD92 and pLD100 were digested
with NruI (which cuts once in the pBR322 region) or XmnI
(which makes a gap in the pBR322 region), whereas pLD114
was digested only with XmnI, since the additional 5' DNA
contained a NruI site. Fewer than one in 1,000 leucine
transformants from pLD92 and pLD100 formed significant
zones of clearing within 48 h of replica plating onto skim-
milk plates. Most of the leucine transformants from pLD114
formed zones similar in size to those formed by wild-type
NRRL Y-1094 colonies. Most transformant colonies with
plasmid pLD100 did form small zones by 4 to 5 days of
incubation. We conclude, therefore, that more than 707 bp
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(and presumably less than 2,097 bp) of 5' DNA is necessary
to make up a functioning XPR2 promoter. To test this
hypothesis further, gene disruption-type experiments were
done at the XPR2 locus of the leu2 XPR2' strain ATCC
20688. We constructed plasmids containing various lengths
of 5' DNA along with the negative allele, xpr2-1002, and
directed them to integrate at the chromosomal XPR2 locus
by a SnaBI digest. Most of the leucine-independent trans-
formants resulting from plasmids with either 428 or 707 bp of
5' region became protease deficient, as above. However, few
of the leucine transformants resulting from the longest
construct became protease deficient. These gene disruption
results support the conclusion that between 707 and 2,097 bp
of 5' DNA is part of the functional promoter.
Upstream gene. The 5'-most 933 bp sequenced constitutes

an open reading frame that probably represents the neigh-
boring chromosomal gene to XPR2. Following the TAG
translation termination of this open reading frame, a tripar-
tite transcription terminator (30) is found, as underlined and
labeled "term" in Fig. 4. If this is the 3' end of another gene,
as the sequence suggests, we suspect that this DNA will not
be involved in XPR2 regulation.
mRNA studies. The 5' ends of the mRNA molecules were

determined by the reverse transcriptase primer extension
method. Three bands were found (data not shown), corre-
sponding to the positions of three different CA pairs, one at
the C located 10 bp before ATG, a second at the A located 29
bp before ATG, and the largest band corresponding to the C
located 33 bp before ATG. It is possible that some of the
bands represent strong reverse transcriptase stops, rather
than true ends of the mRNA. An RNA blot experiment gave
the size estimation for the mRNA as about 1,525 bp.
XPR2 gene 5' flanking sequence. The 5' flanking sequence

contains structural features known to be important for the
transcription of eucaryotic genes. The Goldberg-Hogness, or
TATAAA consensus, sequence is generally found 25 to 32
nucleotides upstream from the mRNA start in higher eucary-
otes or eucaryotic viruses and appears to be important in the
positioning of the transcription start. The 5' upstream region
of XPR2 contains a TATAAA sequence 65 bp in front of the
translational start and 30 bp in front of the primary mRNA
start. A second sequence thought to be important for tran-
scription initiation in eucaryotes is the CAAT box, which is
located about 80 nucleotides upstream from the site of
mRNA synthesis. The XPR2 gene has a CAAT sequence 73
bp in front of the transcription initiation site (Fig. 4).
The efficiency of ribosome binding to the mRNA is likely

to be influenced by the sequence immediately preceding the
ATG codon (12). The essential features of the preferred
eucaryotic initiation region are a purine, usually an A, at -3
and a purine at +4. These features are observed in the XPR2
mRNA and similarly in many other known yeast mRNAs,
including the Y. lipolytica LEU2 gene. The hexanucleotide
CACACA has been found close to the initiation codon in
several yeast genes including the Y. lipolytica LEU2 gene
(6); however, the XPR2 gene lacks such a sequence. How-
ever, the 5' untranslated mRNA is very A+C-rich (28 of the
33 residues).
The paucity ofG residues in the 5' untranslated region has

been noted for many highly expressed S. cerevisiae genes
(1). There are no G residues in the 5' untranslated XPR2
mRNA.
XPR2 gene 3' flanking region. A comparison of the 3'

untranslated region of several S. cerevisiae genes revealed a
sequence 5'-TAG.. .TA(T)GT.. .TTT-3' as being impor-
tant for transcription termination (21). This sequence or a

AI[YRI I-4IRW AA

80 90 100 110 120 130 140
LLGGHYWACTV0-QCIVDANKiLVAVKVFAGRALVN0TWLWSIIPRVN--0

150 160 170 180 190 200 210

220 230 240 250 260 270 280
TCIDVDVFPSII SQOOLYCSAPIA.SYLIDV1AVATSTV

290
WN-KSNAVAYNGVGI

FIG. 6. Homology between the mature AEP (upper lines) and
the eucaryotic subtilisin family enzyme proteinase K (lower lines).
Vertical lines indicate identical amino acid residues. Regions of
maximum homology correspond to the following suspected func-
tional regions (10): a charge relay system composed of Asp-43,
His-74, and Ser-240; and regions Ala-163 to Asn-166 and Ser-137 to
Gly-139, which are involved in substrate binding. Overall, 118 of the
277 (42.6%) amino acid residues of proteinase K are identical in
AEP.

variation occurs at a variable distance before the polyade-
nylation site of most yeast mRNAs. In the XPR2 gene, at 66
to 87 nucleotides following the stop codon, a homologous
sequence can be recognized (Fig. 4).
On the basis of the determined transcription start and the

proposed location of the polyadenylation site, the calculated
size of the XPR2 mRNA is approximately 1,490 bases plus a
poly(A) tail. This length is consistent with the measured
mRNA size of 1,525 nucleotides for the poly(A)+ XPR2
mRNA. The mRNA size, considered together with the sizes
of the precursor protease and mature protein, suggests that
there are no introns within the XPR2 coding region.

DISCUSSION

Ogrydziak and Scharf (20) determined the amino acid
sequence (25 residues) of the N terminus of the alkaline
extracellular protease purified from Y. lipolytica CX161-1B.
As described above, we have cloned the Y. lipolytica XPR2
gene and determined its complete nucleotide sequence. A
segment of the amino acid sequence deduced from the
nucleotide sequence is almost identical to the published
partial sequence. The two differences between the se-
quences occur in residues that were considered only tenta-
tively identified in the sequencing of the protein, and they
are therefore more likely to represent uncertainties in the
protein sequencing rather than differences in the genes of the
two Y. lipolytica strains used.
The predicted protein sequence of the mature AEP shows

strong homology to other subtilisin family serine proteases,
such as 32% homology to Bacillus subtilis DY subtilisin (17),
32% homology to Thermoactinomyces vulgaris thermitase
(15), and 42.6% homology (Fig. 6) with the eucaryotic
Tritirachium album proteinase K (10). The highest homolo-
gies are found in regions previously identified in homologous
enzymes (10) as the active-site serine, the active-site histi-
dine, a charge transfer site, and substrate-binding sites. The
sequenced mutation that we designate xpr2-1002 changes an
evolutionarily conserved glycine to a serine. The precursor
segment of AEP did not bear substantial homology to the
precursor segment of Bacillus amyloliquefaciens subtilisin
(28).
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A surprising finding of this study was that the functional
XPR2 promoter region is quite large: greater than 700 bp.
The large size of the promoter may be a result of the complex
regulation of the gene. The XPR2 gene is turned on by
starvation for nitrogen or sulfur, growth on a poor carbon
source, and the presence of extracellular protein (18). An
example of an S. cerevisiae gene with a large promoter
(1,400 bp) showing complex regulation is the HO gene for
homothallic mating-type switching (16, 25).

Regulatory regions of DNA often involve short repeated
sequences or inverted repeats. Computer searches in the 5'
region revealed many examples of such sequences (Fig. 4).
A physiological dissection of the XPR2 promoter is neces-
sary before any functions can be ascribed to these features.
The translated DNA sequence suggests sites as candidates

for junctions of a signal peptide, Lys-Arg-terminated precur-
sor peptides, and the mature, secreted alkaline protease.
These sites can be used to genetically engineer vectors that
direct Y. lipolytica to secrete foreign proteins.
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