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Molecular Cloning and Restriction Endonuclease Mapping
of Homoserine Dehydrogenase gene (HOMG6) in Yeast,
Saccharomyces cerevisiae
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Abstract: Synthesis of threonine and methionine in yeast, Saccharomyces cerevisize shares a
common pathway from aspartate via homoserine. HOM 6 gene encodes homoserine dehy-
drogenase (HSDH) which catalyzes the inter-conversion of beta-aspartate semialdehyde and
homoserine. The level of HSDH is under methionine specific control. A recombinant plasmid
(pEK1: 13.3kb), containing HOM 6 gene, has been isolated and cloned into E. coli by com-
plementary transformation of a homoserine auxotrophic yeast strain M20-20D (homeé, tpl,
ura3) to a prototrophic M20-20D/pEK1, using a library of yeast genomic DNA fragments in
a yeast centromeric plasmid, YCp50 (8, 0kb). Isolation of HOM6 has been primarily confirmed
by retransformation of the original yeast strain M20-20D, using the recombinant plasmid DNA
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which was extracted from M20-20D/pEK1 and subsequently amplified in E. coli.

Eleven

cleavage sites in the insert (5.3kb) have been localized through fragment analysis for 8
restriction endonucleases; Bgl [1(1 site), Bgl 1111), Clal(3), EcoRI(1), Hind {2y, Kpnl

(1), Pvull(1) and XhoI(1),
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Biosynthesis of amino acid in yeast isregulat-
ed at two levels; the regulation of enzyme syn-
thesis by control of gene expression and the
regulation of enzyme activity by control of
metabolite flow between cell compartments.
The enzymes for amino acid biosynthesis also
can be under general and specific control,

affected by metabolites of end products of the’

cross and specific pathway, respectively. Regu-
lation by general control system for amino acid
biosynthesis is mediated by positive (GCN) and
negative (GCD) regulatory genes. Specific con-
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trol system is mediated by trans-acting and cis
-dominant regulatory elements(Jones and Fink.
1982).

Classical genetic and biochemical techniques
do not allow us distinguish a promoter mutation
from nonsense or frameshift mutations located
early within that gene. Resolution power of
genetic fine-structure analysis is not strong
enough to delineate the coding and non-
coding regions. A cloned segment of the gene
therefore is required to identify regulatory
mutations defective in transcription through
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measurement of mRNA levels by hybridization,
draw a picture of gene composition and to local-
ize the mutation by DN A sequence analysis. A
cloned gene also permits in vitro mutagensis.
Cis-dominant regulatory mutations at HIS3
and HIS 4 were identified, using these recom-
binant DNA procedures (Jones and Fink,
1982),

Cloned yeast genes for amino acid biosynth-
esis have been playing a key role in studies of
gene composition and regulatory mechanisms
at the molecular level; among them are
ARG4 (Hsiao and Carbon, 1979), GDH1
(Moye et al., 1985), HIS2 (Malone and
Cramton, 1985), HIS3(Hope and Struhl,
1985), HIS4(Roeder et al, 1980), ILV 1 and
ILV 5(Holmberg et al., 1985), ILV2(Falco
and Dumas, 1985), LEUR(Chinault and Car-
bon, 1979), LEU4 (Beltzer et al., 1986), and
TRP 1(Tschumper and Carbon, 1980),

Three reactions leading from aspartate to
homoserine are shared for synthesis of
threonine and methionine. A catalytic reaction
of aspartokinase encoded by HOM 3 gene
activates the beta-carboxyl group of aspar-
tate, followed by reduction of beta-aspartyl
phosphate to aspartate semialdehyde catalyzed
by aspartate semialdehyde dehydrogenase
(HOM2), HOM6 gene encodes homoserine
dehydrogenase, which catalyzes the inter-
conversion of aspartate semialdehyde and
homoserine. The pathways for methionine and
threonine biosynthesis diverge from this point.
The mechanism of regulatory control is com-
plex and interwoven for this common part of
the pathway. Aspartokinase responds to a
threonine-specific signal or to multivalent
repression (by threonine and methionine),
which might reflect a possible cross-pathway
control system. Aspartate semialdehyde dehy-
drogenase dose not respond to a specific singnal
since neither end product represses. Addition of
methionine but not threonine represses the level
of homoserine dehydrogenase (HSDH) by a
factor of two. Starvation of a methionine aux-
otroph increases enzyme level by derepression,
but starvation of a threonine auxotroph does
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not alter enzyme levels (de Robichon-Szulmaj-
ster ef al., 1973). The evidence suggests that
HSDH is controlled by a methionine-specific
signal but not by cross pathway signals (Jones
and Fink, 1982).

Knowledge on the regulation of enzymes on
the methionine and threonine pathway is large-
ly indirect and inferential. Cloned DNA frag-
ments of regu]atofy regions and structual genes
for the corresponding enzymes should provide
an opportunity to investigate-the regulatory
mechanisms related to structural composition
transcription and regulation of the genes on this
pathway. As the first step to approach the
above aim, we have isolated the HOM 6 gene
in a centromeric yeast-E. coli shuttle vector
(YCp50) ina 5, 3kb insert and have analyzed
digestion fragments to delineate the cleavage
sites of restriction endonucleases.

'

MATERIALS AND METHODS

Strains and culture conditions

The sources and genotypes of yeast, Sacchar-
omyces cerevisige strains uscd in this work are
compiled in Table 1, The E. coli strain
HB101 was from ATCC, Amercian Type Cul-
ture Collection 12301 Parklawn Drive, Rock-
ville, Maryland 20852, USA, and used for
transformation and amplification of plasmids.
Yeast strains were obtained from the Yeast
Genetic Stock Center, University of California
Berkeley, Berkeley, California 94720, USA.
Media and cultrue conditions were the same as
described in Fink and Hicks (1982) and
Maniatis et al. (1982), Homoserine auxotro-
phic strains were selected on homoserine drop-
out plates; defined complete medium without
methionine and threonine. Cell growth was
monitored with a Klett-Summerson color-
imeter; 100 Klett units is approximately
equivalent to 3x 107 cells/m/.
Plasmids and enzymes

Plasmids and yeast genomic libraries were
obtained from Francois LaCroute (Strasbourg,
Cedex, France), and Ronald Davis(Stanford,
California, USA). The original genomic library
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was constructed by Gerald Fink (Cambridge,
Massachusetts, USA). Sau3A fragments of the
yeast chromosomal DN A were inserted into the
BamHI site of a centromeric vector YCp50 (8,
0kb) to construct the genomic library. Enzymes
were purchased from New England BioLabs
(Beverly, Massachusetts, USA).
DNA preparations

Plasmid DNA was purified as described by
Tschumper and Carbon (1980). Bank DNA
for yeast transformation and crude yeast plas-
mids for E. coli transformation were prepar-
ed following procedures by Nasmyth and Reed
(1980). E. coli transformants were screened
for harbored plasmids by a scaled down (5m/
~culture) DNA preparation (mini-prep) of pro-
cedures as described by Tschumper and Carbon
(1980). The CsCl-ultracentrifugation was
omitted in mini-preps, and the supernatent was
precipitated with ethanol before restriction
enzyme digestion and agarose gel electrophor-
esis.
Yeast and E. coli transformation

Yeast cells were transformed by the proce-
dures of Hinnen et @l (1978) with modifica-
tions as described by Tschumper and Carbon
(1980). E. coli transformations were a modi-
fication of Mandel and Higa’s method as de-
scribed by Tschumper and Carbon (1980),

Table 1. Strain list

Mating Strain Genotype Source®
No.
M11 RH218 MATa trpl gal2 mal SUC2 YGSC
STX272-4D MAT® adel adeb his2 hisd YGSC
CUP1
hom6 leul ural ura3
M17 RH218 MATa trpl YGSC
M11-7D MAT@ hom6 ura3 This
work
M20 RH218 MATa trpl YGSC
M17-37D MAT@ homé trpl ura3  This
work
M20-20D MAT® hom6 trpl ura3  This
work

aYGSC; Yeast Genetic Stock Center, University
of California Berkeley, Berkeley, California
94720, USA.
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Strain construction

Yeast strain with the target gene (HOM6) for
molecular colning was mated with strain
RH218 with high transformation efficiency
and the diploid cells were sporulated. The cell
wall of tetrads was partially digested with
zymolase-100T (Kirin Brewery Co., Tokyo,
Japan) and dissected with a micromanipulator.
The progeny spores were germinated on YPD
complex medium plates and replicated to
screen for cells with the desired genetic
markers. The progeny strain was further back-
crossed twice to RH218, according to the
methods of Sherman ef al. (1974).

RESULTS AND DISCUSSION

Construction of a yeast strain M20-20D;
homoserine auxotroph with high transfor-
mation frequency

Transformation efficiency in yeast is vari-
able with strains (Kingsman et al., 1979).
The strain RH218 is transformed with high
frequency by supercoiled plasmid DNAs. The
yeast strain STX272-4D has the target gene
marker (hom6), but is transformed with low
frequency. To date, no satisfactory explana-
tions are available for this observation. Strain
STX272-4D was backcrossed to RH218 twice
to obtain progeny strains M11-7D, M17-37D
and M20-20D in each generation, respectively
(Table 1), The strain M20-20D demonstrated
high frequency transformation and possessed
all the desired genetic markers; kom 6 (target
gene for cloning), #p1(yeast marker for YRp
plasmids), and wura3(veast marker for YCp50
and YlIp plasmids). YIp and YRp plasmids are
shuttle vectors to be used in further studies for
functional analysis and subcloning.
Isolation of recombinant plasmids contain-
ing the yeast HOM6 gene

The plamid vector YCp50 is composed of a
1.1kb HindIll fragment of yeast URA3 gene
in the Aval site of pBR322 and a 2,5kb Hind
IM-Pvull fragment of yeast replicator ARSI
and yeast centromere 4(CEN4) in Pvull site
of pBR322, Plasmid YCp50 is stably
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maintained during both mitosis and meiosis
because it has the CEN 4 sequence. This use-
ful shuttle vector provides URA 3 function for
selection in wura 3 yeast strain, has antibiotic
resistance genes (amp”™ and fet”) of pBR322
for selection in E. coli, and also can replicate
autonomously in both yeast and E. coli. A
library KC1 of yeast genomic sequences con-
sists of pooled recombinant plasmids in each of
which a partial Sau3A fragment of the yeast
sequence is inserted into the BamHI site of
YCp50 (Parent et al, 1985), The library KC1
was used to transform yeast strain M20-20D,
selecting for Ura* and Hom* transformants.
While a single step double selection was unsuc-
cessful, two consecutive tandem selection
(Ura" selection followed by Hom" selection) has
yielded 81 Hom' colonies out of about 5x10*
Ura* transformants. These Hom' colonies may
not represent individual transformants,
because the Ura* transformants colonies were
not individually picked but mixed, smashed,
and plated onto homoserine selection plates.
Yeast plasmid DNA was extracted from the
collective culture of Hom" transformants in
homoserine dropout liquid medium. Yeast DNA
preparation was used to transform E. coli
HB101 to ampicilline resistant. E. coli trans-
formants were replicated onto tetracycline
plates to confirm that they harbor recombinant
plasmids with inserts at the BamHI site of
pBR322, E. coli plasmid DNA was extracted
from 5m//each cultures of 80 E. colf trans-
formants with recombinant plasmids, electro-
phoresed in 1% agarose gels, and grouped
into 5 different sized plasmids. These were
designated as pEK1-pEK5, and digested with
EcoRI. EcoRI fragment patterns indicated that
the inserts in pEK1-pEK5 were originated
from the same chromosomal locus. The sizes of
pEK1-pEK5 were estimated to be approxi-
mately 13,3, 15,2, 18,5, 17.0, and 14,0, as
calibrated against size markers of Lambda
phage HindIII/EcoRI fragments, respectively.
The recombinant pEK1 was chosen to repre-
sent the cloned yeast sequence containing
HOM 6 gene in its insert (5, 3 kb). Plasmid
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Fig.1, Cell growth of yeast strains in homoser-
ine dropout liqguid medium.

pEK1 was amplified in HB101, extracted,
and purified on a Cs(Cl gradient. To confirm
hom 6 complementing activity of pEK1, it
was reintroduced into the original yeast strain

Table 2, DNA fragments generated by restric-
tion endonuclease digestion of pEK1,

Double digestion

First Second Fragment (kb)

Beglll  Apel 5.4,4.5,3.4
Kpn 1 6.2,4.51.4,1.2
Pst | 4.2,38,34,1.8
Poull 5.9,5.5,2.1
Sal I 5.5,4.8,3.1
Sma [ 5.3,5.0,2.9
Xho I 6.2,3.9,2.2,0.7
Clal Pst ] 3.8,2.4,2.0,1.8,1.6,0.9,0.8
Poull 8.5,2.4,15,0.90.1
Sal | 7.5,2.4,1.6,1.0,0.9
Sma | 5.6,2.8,2.4,1.6,0.9
Pst 1 EcoR T 4.1,3.8,3.0,1.8,0.7
Hind [ 4.6,3.8,1.8,1.4,0.9,0.8
Kpn ] 5.1,2.7,2.5,1.8,1.2
Pou]l Kpn ] 5.5,4.7,3.1
Xho ] 5.1,4.2,3.9
Sal T Hind[l 7.5,3.6, 1.4,0.9
Kpn ] 56,4.1,3.7
Xho 1 Kpn ] 7.8,4.0,1.2,0.5
Pst ] 6.3,3.1,1.8,1.4,0.7
Bgl 1 - 6.0,4.5,2.6,0.2
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(EcoR)  Restriction fragments of pEK1 (Sall)

Bgll 3, 6kb [ 2.4 B
Bglll 2.8 I 3.2 By
Clal 2.5 [ 09 1 1.6 [ 1o }¢
EcoRl 2.9 ] 3.1 E
HindIll L4 1097 3.7 1H
Kpnl L8 ] 4.2 K
Pvull 4.9 | P
Xhol | 0.7 | 5.3 X

Cleavage sites in pEK1 insert

L LTI ]

+ 4 —H—t + !
(Eg;g; X K |Cm\ C P Sall)
P R
0.0 H H E B ngsif
1.4 2.3 2,9 3.6 5.0 .

rig.2, Hestriction endonuclease cleavage sites
in the insert of pEK1,

M20-20D. At high frequency, the pEK1 trans-
formed Hom- M20-20D to Hom* M20-20D/
pEK1, Subsequently, cell growth of the yeast
retransformant M20-20D/pEK1 was compar-
ed with those of Hom" strain RH218 and the
original recipient strain M20-20D in homoser-
ine dropout liquid medium. Cell growth of
M20-20D/pEK1 was comparable with that of
RH218, while no growth of M20-20D was
detected. The doubling time of M20-20D/pEK1
was about 6 hours which was about 1 hour
longer than that of RH218, as shown in Fig.1,
Average doubling time of wild type in a com-
plek medium (YPD) is about 2 hours.
Restriction fragment analysis and mapping
A restriction map for the 5,3kb insert of
pEK1 must be established because no infor-
mation is available on the physical organization
of the insert fragment which was primarily
identified to contain kom 6-complementing
property by means of retransformation and
bioassay. pEK1 was first subjected to 24
hexanucleotide recognizing restriction
enzymes to decide which enzyme has recogni-
tion sites in the insert. Enzymes with more than
4 cleavage sites in the insert have been omit-
ted in the second digestion(double digestion
pairs) to avoid ambiguity of the position of the
fourth site. Enzymes were chosen to digest in
pairs and the fragments were generated, as
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EcoRI
Pstl Xhol

Hind1ll
Clal
Bglll

Pstl
Bglll

ARS1

VECTOR  pEK] (HOM6) EcoRI
YCp50 INSERT
Xhol 8. 0kb 13.3kb 5 akb Clal

Bgll

Kpn1 \\ CEN4

Apal Sall

Pstl Bgll

Fig.3, Restriction map of the recombinant plas-
mid pEK1, Single line, pBR322. Double
line; yeast sequences.

shown in Table 2, Fragments were analyzed
to delineate the relative position of the cleavage
sites for restriction enzymes with respect to
each other in double digestions. The size of 5,
3 kb for the insert was the best estimate, con-
sidering error factors in reading the location of
bands on a agarose gel and in establishing the
standard line of size markers. Small discrep-
ancy (0, 1-0, 3kb) between sums of fragments
from each pair digestion was adjusted to match
the total size of the best estimate 13,3 kb.
Cleavage sites in the pEK1 insert were sum-
marized in Fig.2, The restriction map of
PEK1 has been established, as shown in Fig.
3. The 2, 9kb EcoRI fragment and fragments
of Clal would be good candidates to be inserted
without tailing into YRp and YIp plasmids for
functional analysis and further integration test.
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