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ABSTRACT

The ARO1 cluster-gene of Saccharomyces cerevisiae is thought

to be a single transcriptional unit encoding one polypeptide and
five sequential enzymatic activities involved in the biosynthesis
of the aromatic amino acids. The ARQ1 cluster-gene was previously

jsolated by complementation in Saccharomyces cerevisiae following

transformation with a comprehensive yeast DNA library of BamHI re-
striction fragments inserted into the shuttle vector YEp13. The
original insert containing ARO1 was 17.2 Kb BamHI fragment which
complemented both nonsense and missense alleles of ARO1 in yeast.

In this study, subcloning of the 17.2 Kb ARO1 fragment into pBR322,
using Sau3Al partial digestion, further located the ARO1 segment to
a4 Kb to 6 Kb region. Subsequent restriction digest mapping and
subcloning of the ARQ1 6.5 Kb fragment with BamHI linkers led to a
family of increasingly larger subclones from a common BamHI end:

1.1 Kb, 2.0 Kb, 2.9 kb, 3.5 Kb, 4.3 kKb, 5.4 Kb, and 6.0 Kb. By using
this family of subclones and a yeast ARO1 nonsense mutant, comple-
mentation analysis demonstrated that the ARQ1 structural gene was
located within the 3.5 Kb fragment. The 3.5 Kb fragment also comple-

mented aroA, aroB, aroD, and aroE mutants of E. coli. Preliminary

DNA sequencing studies and RNA/DNA hybridization studies have indi-

cated the direction of transcription along the gene fragment.
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CHAPTER 1

INTRODUCTION

The term "cluster-gene" was proposed by Gaertner and Cole

during their studies on the "arom aggregate" in Neurospora crassa

in an attempt to distinguish between those gene systems that were
true clusters of contiguous, separate, tightly linked genes (gene-
clusters) and those gene systems which typically contained a single
gene, which encoded a single polypeptide with discrete multiple
functions (cluster-genes) (22). The early observations and tenta-
tive conclusions, concerning the organization of "cluster-genes,"
were based upon biochemical and genetic evidence that was slowly
undermining the concept of one gene/one polypeptide/one function.
Although definitive evidence was unavailable in support of the
cluster-gene hypothesis, it was becoming obvious that the pre-
viously studied "arom aggregates," in all fungal systems studied,
appeared to be "cluster-genes"--single genes encoding multifunctional
polypeptide chains.

Prior to the formulation of the cluster-gene model (1), the
genetic studies of Giles (24), Giles and Case, and Case et al. (13,

12) showed that the "arom aggregate" of Neurospora crassa encoded

the five enzymes of the polyaromatic biosynthetic pathway. Also,
they were able to isolate mutants that lacked individual activities
which mapped in discrete, nonoverlapping segments of the arom

region. In addition, pleiotropic mutants of Neurospora crassa were
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jsolated which lacked all five activities of the arom aggregate,

and these mutations typically mapped at one end of the gene. From
these studies, Giles et al. concluded that the "arom gene" system
was acting as a polycistronic unit of transcription (23), in direct
contrast to the monocistronic, single transcriptional cluster-gene
model (22).

However, biochemical studies lent support to the concept of
the “"cluster-gene." The five enzyme activities known to be associ-

ated with the "arom aggregate" of Neurospora crassa were shown to

sediment together in sucrose gradients (24, 11). Later studies by
Gaertner and Cole (22) and Lumsden and Coggins (34), using protease
inhibitors and denaturing polyacrylamide gels, demonstrated that

the basic subunit of the arom aggregate of Neurospora crassa was a

single pentafunctional polypeptide chain. Thus, the "arom multi-

enzyme complex" of Neurospora crassa became a classical representa-

tive of a "cluster-gene." It has since been found that analogous
"arom complexes" exist in all other fungi that have been studied

(2, 1), including Ustilago violacea (5), and Schizosaccharomyces

pombe (45), and also in the photosynthetic organism of Euglena
gracilis (6).

Unfortunately, the molecular organization of the “"cluster-
genes" was unknown, and definitive end-terminal and amino acid
sequence analysis had not been done. However, using recent advances
in molecular recombinant technology, Donahue et al. cloned,
sequenced, and subsequently demonstrated the "cluster-gene" charac-

ter of the HIS4 region of Saccharomyces cerevisiae (19). The HIS4
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region has been shown to encode the enzymes for the second, third,
and tenth reactions in histidine biosynthesis within a single tri-
functional polypeptide (21). Thus, recombinant technology makes it
possible to stringently examine the "cluster-gene" model proposed
for other gene systems including the "arom aggregates" of the fungal
systems (2, 1, 5, 45).

In the yeast Saccharomyces cerevisiae, the ARO1 gene is

thought to be a “"cluster-gene" encoding a single pentafunctional pro-
tein which catalyzes five steps in the central pathway leading to the
biosynthesis of the aromatic amino acids (Larimer and Gaertner,
manuscript in preparation; see Figure 1.1). Recently, in an attempt
to test the ARO1 "cluster-gene" model further, Larimer et al. have
reported the molecular cloning of a 17.2 Kb BamHI fragment from

Saccharomyces cerevisiae which, according to biochemical and genetic

evidence, contains the entire ARO1 gene system. The ARO1 fragment

was isolated by complementation in Saccharomyces cerevisiae following

transformation with a comprehensive yeast DNA library of BamHI re-
striction fragments inserted into the shuttle-vector YEp13 (see

figures on pages 68 and 69). The 17.2 Kb fragment (see figure on
page 28) complemented yeast nonsense and missense alleles of arol,

and aroA, aroB, aroD, and aroE mutants in E..coli (42). Also the

complemented yeast arol mutants, transformed with the ARQ1 contain-
ing episome, demonstrated the 150,000 dalton ARQO1 gene product on
polyacrylamide gels, and expressed five to twelve times the normal

levels of the five ARO1 enzyme actitivites (31).
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Figure 1.1. ARQl biochemical pathway.
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In this dissertation, I have used DNA sequencing techniques
and recombinant technology (36, 29) to subclone the 17.2 Kb ARO1
fragment described by Larimer et al. (31) in an effort to character-

jze and define the eukaryotic ARQ1 gene of Saccharomyces cerevisiae.

Subcloning of the 17.2 Kb ARO1 fragment led to a family of increas-
ingly larger subclones from a common BamHI end. By using this
family of subclones and aro mutants of yeast and of E. coli, the
ARO1 gene was located within a 3.5 Kb fragment. A yeast promoter
was shown to be most 1ikely responsible for the expression of the
ARO1 gene in both yeast and in E. coli. Preliminary DNA sequencing
and RNA/DNA hybridization studies suggest that transcription initia-
tion originates within a region proximal to one end of the 3.5 Kb
fragment (see figures on pages 50 and 53). The results presented

in this study have demonstrated the isolation and partial character-

jzation of the eukaryotic ARO1 gene from Saccharomyces cerevisiae

and lend support to the cluster-gene model proposed for the AROI

gene system (31).



CHAPTER 11

MATERIALS AND METHODS

Strains and Media

E. coli strain HB101 (F", hsdS20 (ré, mé), recAl13, ara-14,

proA2, lacYl, galK2, rpsL20 (Smr), xyl-5, mtl-1, supE44, A~ ) was used

as a host during transformation and for plasmid amplification (8).
E. coli aro strains used in transformation assays were SK3337 (F

gal lacy mtl xyl his proA thi aroA A7), SK890 (F~ gal thi aroB str

ton hsdR4 endA sbcB15), SK2881 (F~ gal lac srl leuC aroD6 tonA hsdR4

recAl sbcB15 endA), and SK484 (F gal thi aroE spc hsdR4 endA

sbcB15). These E. coli aro strains were the generous gift of Dr.
Sidney R. Kushner, The University of Georgia, Athens.

The Saccharomyces cerevisiae yeast strains XL39-4A (a arolD

leu2-3 his4-38), XL61-1D (arolE ura3-52 leu2-3 his3-A1), and XL60-2B

(arolD ura3-52 leu2-3 leu2-112 thrl arg4-1) were constructed by Dr.

Frank Larimer, Biology Division, Oak Ridge National Laboratories.
These strains were used as hosts for yeast transformations. The wild

type Saccharomyces cerevisiae yeast strain $288C (o gal-2) was used

as a source for ARO1 mRNA and for the ARO1 gene.

L-broth (8) contained 5 g of sodium chloride, 10 g of bacto-
tryptone, and 5 g of yeast extract per liter. The solution was
adjusted to pH 7.5 with 0.5N sodium hydroxide. L-broth agar con-
tained 1.5% bactoagar in addition to the ingredients given above.

Selectable L-broth agar contained either 25 ug/mi of ampicillin or 12

6



ug/ml of tetracycline. The ampicillin and tetracycline were dis-

solved in dimethyl sulfoxide (DMSO) in final concentrations of 25
mg/ml and 12 mg/ml respectively, and stored at -20°C. The ampicillin
or tetracycline was added to autoclaved medium after first cooling the
medium to 55°C in a water bath. One liter of minimal defined aro~-
broth for growing E. coli, contained 40 mls 25x Davis salts (25x
Davis salts, per liter: 25 g magnesium sulfate, 12.5 g sodium
citrate, 75.0 g monobasic potassium sulfate, 175.0 g dibasic potas-
sium sulfate, 25 g ammonium sulfate), 5 g D-glucose, 20 ng/ml of all
of the amino acids except the aromatic amino acids, 0.02 ug/ml of
parahydroxybenzoic acid (PHBA), 0.02 ug/ml paraaminobenzoic acid
(PABA), and 20 ug/ml of any necessary marker supplements. The Davis
salts and the glucose were autoclaved for 15 minutes and cooled to
55°C in a water bath before the addition of filter sterilized stock
amino acids, PHBA and PABA and marker supplements. Minimal defined
aro broth agar contained 2.0% bactoagar in addition to the ingred-
jents mentioned above.

SD-broth (33) was a minimal defined broth for growing yeast,
and contained 7 g Difco yeast nitrogen base (without amino acids)
and 20 g dextrose per liter. Minimal defined SD-broth agar con-
tained 2.0% bactoagar in addition to the ingredients mentioned above.
Sterilization was by autoclaving for 15 minutes. Any necessary
marker supplements were either sterilized by autoclaving or by
filter sterilization and were added to cooled (55°C) broth or agar
medium to final concentrations of 20 ug/ml. These yeast media used

in growth, selection, and transformation have been described (3, 33).



Plasmids
Throughout the cloning and subcloning of the ARQO1 gene of

Saccharomyces cerevisiae, I used two very common recombinant plasmids

pBR322 and YEp13. PpBR322 is an E. coli plasmid (9, 48) and YEp13
is a hybrid shuttle vector capable of stable, episomal transforma-
tion of either an E. coli or yeast host (see Figure A.1, page 67)

(10, 27).

Alcohol Precipitations

Unless otherwise stated in the text, all small volume (less
than 300:L]) DNA precipitations were carried out in 1.5 ml Eppendorf
tubes according to the following protocol--after bringing the aqueous
DNA phase to 0.3 M sodium acetate (pH 5.2) in a total volume of 400
ul, 1 ml of 95% ethanol was added; and after a 10 minute incubation
at -80°C, the tube was centrifuged in a Beckman microfuge (120000xg)
for 15 minutes. The supernatant was carefully withdrawn; the pellet
was rinsed with 1 ml of 80% ethanol and briefly lyophilized (5-7
minutes) before final resuspension in sterilized TE (10 mM Tris-C1

pH 8.0, 1 mM EDTA).

Enzymes and Chemicals

A1l restriction enzymes were obtained from either Bethesda
Research Laboratories or New England Biolabs. T4 RNA ligase, T4
DNA ligase, T4 DNA polymerase, T4 polynucleotide kinase, lyticase,
and HindIIl Lambda-DNA came from Bethesda Research Laboratories.

Calf-intestinal alkaline phosphatase was from Boehringer Mannheim.
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BamHI oligonucleotide linkers were purchased from Collaborative Re-
search Ltd. Radiolabelled compounds were from New England Nuclear.
Acrylamide, urea, ampicillin, and tetracycline were from Sigma.
Dimethylsulfate and hydrazine came from Aldrich Chemical Co. and
Eastman Kodak, respectively. Formic acid (90%) and piperidine (10

M) both came from Fischer Scientific.

DNA Mini-Preparations

DNA mini-preparations (8) were performed as an alternative to
the longer, more rigorous protocols designed to provide highly puri-
fied supercoiled plasmid DNA (7, 16, 17, 29). DNAs from mini-
preparations were digested with restriction endonucieases and used
in transformation assays and subcloning experiments without further
purification. Single colony isolates from selective medium plates
(usually L-broth-ampicillin 25 ug/ml) were inoculated into sterile
50 ml Erlenmeyer flasks containing 20 ml of L-broth plus 25 ug/ml
ampicillin. The flasks were incubated overnight in a 37°C water-
bath shaker at 250 rpm. The following day, the flask was cooled on
jce for 15 minutes; after which the cells were spun down in 30 ml
Oak Ridge centrifugre tubes in an appropriate Sorvall rotor at 5000
rpm for 5 minutes at 4°C. The supernatant was discarded; the cells
were then resuspended in 5 ml of TE buffer (10 mM Tris-C1 pH 8.0,

1 mM EDTA) by vigorous vortexing, and transferred to 10 ml Oak Ridge
tubes. Freshly made lysozyme (10 mg/ml in TE buffer) was added to a

final concentration of 300 ug/ml, and the tube incubated on ice for

20 minutes. The cells were frozen solid in 1liquid nitrogen and
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and thawed quickly in a 37°C water-bath. The cell mixture was diluted
with 2.5 ml of cold TE buffer and vortexed vigorously for 1 minute.
Cell debris was separated from the plasmid containing supernatant by
centrifugation in a Beckman 50Ti rotor at 20,000 rpm for 30 minutes
at 4°C. The supernatant was poured from the debris pellet into glass
Corex tubes (15 m1) and immediately brought to 0.1 M sodium chloride,
0.1% sarkosyl and phenol-extracted two times with an equal volume of
phenol-chloroform-isoamyl alcohol (25:24:1). The aqeuous phase was
removed to a fresh 15 ml Corex tube and ether-extracted three times
to remove phenol. The agueous phase (3-4 ml1) was then brought to
0.3 M sodium acetate and alcohol precipitated with the addition of
2.5 volumes of cold absolute ethanol, incubated at -80°C for 30
minutes, and followed by centrifugation in an appropriate Sorvall
rotor at 10,000 rpm for 30 minutes. The supernatant was discarded
and the pellet rinsed with 80% ethanol before a brief lyophilization
(3-5'). The pellet was resuspended in 150 ul of TE buffer and stored
at 4°C in 1.5 ml Eppendorf tubes. The yield of plasmid DNA from a
20 m1 overnight culture was usually 10-15 ug (estimated using compar-

isons with known amounts of standard DNA run on 0.7% agarose gels).

Phosphatase Reactions

The terminal 5' phosphate groups were -removed from purified
DNA samples using calf-intestinal alkaline phosphatase (CIAP) (14, 44,
50). The phosphatase reaction was carried out in a total reaction
volume of 100 ul containing CIAP buffer (50 mM Tris-C1 pH 9.0, 1 mM

magnesium chloride, 0.1 mM zinc chloride, 1 mM spermidine
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hydrochloride), 1-60 ug of DNA, water, and 0.3 U of CIAP. The reac-
tion mixture was incubated in a 37°C water-bath overnight. After
overnight incubation at 37°C, a second aliquot of CIAP (0.3 U) was
added followed by an additional 6 h of incubation in a 37°C water-
bath. Two successive phenol extractions, followed by two extractions
with ether, an alcohol precipitation, and two pellet washes using 80%
ethanol (RT) left the DNA suitable for subsequent restriction

analyses, 5' or 3' end labelling, or ligation.

Ligations

Any plasmids capable of self-ligation during subcloning con-
struction were first digested with the appropriate restriction endo-
nuclease and treated with alkaline phosphatase, followed by electro-
elution of the linearized plasmid from preparative 0.7% agarose gels.
The efficiency of the phosphatasé treatment was tested, after over-
night ligation of the plasmid, in transformation assays with competent
E. coli HB101 cells. When the test transformation, using 5.0 ug of
plasmid, produced fewer than 1% of the colonies produced by 5.0 ug
of plasmid that had not been treated with CIAP, the treated plasmid
was alcohol precipitated and resuspended in TE buffer (10 mm Tris*Cl
pH 8.0, 1 mm EDTA) at 10 ug/ul. Plasmids to be used in subcloning
experiments that were not capable of self-ligation were generated
with the appropriate restriction endonucleases, purified from pre-
parative 0.7% agarose gels, and resuspended at 10 pg/ul in TE buffer

(e.g., plasmids containing two different restriction-site termini).
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Insert fragments for subcloning were electroeluted from 0.7% agarose
gels and resuspended at 10 ug/ml in TE buffer.

Ligation reactionskwere carried out in a 16°C water-bath for
18 h in a total volume of 20 ul composed of standard T4 DNA ligase
buffer (50 mM Tris-C1 pH 7.8, 10 mM magnesium chloride, 20 mM dithio-
threitol, 1 mM ATP, 50 ug/ml BSA), water, T4 DNA ligase (400 U), and
a plasmid-to-insert molar ratio of 1:4 (molecule:molecule), with an
upper 1imit of approximately 200 ug total nucleic acid per 20 ul
reaction. In most cases, the general scheme stated above produced
the desired recombinant products; however, a more detailed protocol
for maximizing the ligation products between plasmid and insert was
followed as described (20).

Linkers were ligated to DNA fragments at 16°C for 24 h in a
total reaction volume of 20 ul typically containing T4 DNA Tigase
buffer, water, T4 DNA ligase (400 U), T4 RNA ligase (2 U), and a
100 fold molar excess of linker to fragment--and usually contained
very high total nucleic acid concentrations (1.0-10 mg/m1) (37). The
linker reaction was then digested for 24 h at 37°C in a 100 ul over-
night reaction in the appropriate restriction endonuclease buffer,
water, and 1 U of restriction enzyme per microgram of DNA to remove
excess linker. Fragments containing linkers were purified from 0.7%
agarose gels and resuspended at 10 ug/ul--ready for subcloning into

purified vector.

Curing Experiments

Curing experiments were performed after transformation in an

effort to demonstrate that a particular phenotype being expressed
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was actually due to the transformation event (uptake and expression
of plasmid DNA) and not due to reversion or mutation phenomena within
a given mutant. A transformed colony was picked from selective agar
medium (e.g., aro minus medium) and grown for 24 h in rich non-
selective broth (L-broth for E. coli and YEPD for yeast). During the
24 h growth pefiod under non-selective conditions, many cells would
be "cured" of the plasmid. The efficiency of curing was approximated
by plating equal amounts of the 24 h culture on selective and non-
selective agar medias. The ratio of the number of colonies on selec-
tive agar (e.g., ampicillin resistant colonies) to the number of
colonies on non-selective agar (e.g., L-broth agar colonies) gave an
approximation of the percentage of cells "cured" within a 24 h time
period grown under non-selective conditions. By streaking colonies
from the non-selective plate (e.g., L-broth agar colonies) onto both
L-broth agar and L-broth agar plus ampicillin plates, colonies lack-
ing plasmid ("cured" colonies) could be isolated. These "cured”
colonies were then back-streaked on selective plates (e.g., aro

minus media) to insure that the ability to grow on a minimal defined
media was due to the uptake of plasmid DNA and not due to reversion

or mutation phenomena.

Bacterial Transformation

Bacterial strains for transformation were made competent
according to the protocol below (8, 35). A single colony isolate
was inoculated in 20 ml of L-broth and grown at 37°C overnight in a

water-bath shaker. The following day, a 560 ul aliquot of the
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overnight culture was added to 56 ml of L-broth in a 250 ml side-
arm flask (1 cm pathlength). Thé culture was then grown to an A600
of 0.16 and the flask placed in an ice-water bath for 10 minutes.
The cells were spun down in sterile 30 ml Oak-Ridge tubes, resus-
pended in 28 ml of CMT buffer (0.1 M calcium chloride, 5 mM magnesium
chloride, 10 mM Tris-C1 pH 7.8), and incubated on ice for 25 minutes.
The cells were spun down again and resuspended in 1.4 ml of CMT buffer.
The transformation procedure was begun by the addition of DNA to the
competent cells in a ratio of 5-10 ul of aqueous DNA (0.01 ng-10 ug)
to 200 ul of competent cells and incubated on ice for 15 minutes.
Following a 5-minute heat shock in a 37°C water-bath, 800 ul of L-
broth was added per 200 ul transformation aliquot and the mixture
vigorously shook in a 37°C water shake-bath for 60 minutes. The
transformation aliquot was plated on selective medium or amplified

directly as described elsewhere in this thesis.

Yeast Transformation

The transformation protocol followed was a slight modification
of the yeast transformation procedure outlined by Ito et a]. (30).
Basically, an overnight starter culture was begun by inoculating an
isolated yeast colony in 20 ml of YEPD. The culture was grown in a
30°C water-bath with continuous shaking (250 rpm). The following
day, 200 ul of the starter culture was inoculated into 200 mi of
YEPD and grown in a 30°C water-bath with shaking (250 rpm) until the

6

A reached 0.1 (1 cm pathlength (5 x 10 cells/ml1)). The cells

600
were then pelleted in sterile 250 cc Sorvall bottles by centrifugation
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at 5000 rpm for 10 minutes at 4°C. The pellet was washed with 10 ml
of TE (10 mM Tris-C1 8.0, 1 mm EDTA), transferred to sterile 50 cc
Falcon tubes, repelleted, and washed once with 10 ml of Tithium
acetate-TE (100 mM 1ithium acetate, TE pH 7.5), before a final re-
suspension in 1 ml of lithium acetate-TE pH 7.5. The culture was
shook in a 30°C water-bath at 100 rpm. After 30 minutes, 100 ul
aliquots were put into 1.5 ml Eppendorf tubes along with 10 to 50 ui
of TE that contained up to 10 nug of DNA. The transformation mix-
ture was incubated without shaking for 30 minutes at 30°C; after
which 700 ul of lithium acetate-TE that contained 40% polyethylene
glycol was added before an additional incubation, without shaking,
at 30°C for 60 minutes. After the 60 minute incubation, the cells
were heat-shocked at 42°C for 5 minutes and pelleted in a Beckman
microfuge for 5 minutes. The supernatant was decanted, the cell
pellet was resuspended in 1 ml of YEPD, and shook in a 30°C water
bath for 60 minutes. After 60 minutes, the cells were repelleted,
resuspended in 100 ul of sterile water, and surface plated onto

the appropriate selective medium.

Large Scale Preparation of Plasmid DNA

A starter culture was prepared from an overnight-grown,
single colony inoculum, of plasmid containing E. coli HB101 or E.

coli SK2881 in L-broth with the appropriate drug added (25 ug/ml

ampicillin or 12 ug/ml tetracycline) (7, 16, 17, 28). Ten ml of

the starter culture was transferred to 500 ml of the same medium

and grown to stationary phase at 37°C and 250 rpm for 18 hr. Cells
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from a 500 ml culture were cooled on ice-water for 10 minutes and
pelleted in 500 m1 Sorvall bottles at 5000 rpm for 20 minutes at 4°C.
The pellet and bottle were rinsed with cold distilled water to get
rid of excess medium. The pellet was resuspended in 8 ml of 50 mM
glucose, 25 mM Tris-C1 pH 8.0, and 10 mM EDTA. Freshly made lysozyme
in TE was added to the cells to a final concentration of 300 ug/ml.
The culture was then transferred to an SW28 polyaliomer tube and
incubated at room temperature for 5 minutes. Then, 18 ml of freshly
made 0.2 N sodium hydroxide and 1% SDS were added to the suspension.
The tube was covered with parafilm and the contents mixed by gently
inverting the tube several times. After incubating the tube on ice
for 10 mfnutes, 12 m1 of an ice-cold solution of 5 M potassium acetate
pH 4.0 (60 m1 of 5 M potassium acetate, 11.5 ml of glacial acetic
acid and 28.5 ml of water) was added, mixed, and again the tube was
incubated on ice for an additional 10 minutes. The lysed cell sus-
pension was centrifuged in a Beckman SW28 rotor at 20,000 rpm for

20 minutes at 4°C. Cell DNA and bacterial debris formed a tight
whitish pellet. The supernatant, approximately 36 ml, was trans-
ferred to 150 m1 Corex bottles. Plasmid DNA was precipitated with
the addition of 0.6 volumes of isopropanol at room temperature for
15 minutes. The DNA was recovered by centrifugation in an appropri-
ate Sorvall rotor at 5000 rpm for 30 minutes at room temperature.

The supernatant was discarded, and the pellet was rinsed twice with
20 m1 of 80% ethanol by rolling the alcohol around the bottle and

pellet. The Corex bottle was drained and briefly dried in a vacuum
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dessicator (=5 minutes). Each pellet from a 500 ml culture was re-
suspended by aspiration with 15 ml of TE. In preparation for cesium
chloride equilibrium centrifugation, 1 g of cesium chloride and 70
ul of 16 mg/ml ethidium bromide was added per ml of TE used to re-
suspend the plasmid pellet. The DNA suspension was transferred to
Beckman 50Ti polyallomer tubes and centrifuged in a Beckman 50Ti
rotor at 35,000 rpm for 60 h at 20°C. This procedure (43) repeatedly
gives two distinct bands of DNA: an upper relaxed band of bacterial
DNA and nicked circular plasmid DNA, and a more dense, lower, super-
coiled band of covalently closed, circular DNA. Both DNA bands could
more easily be visualized using a hand-held Tong-wave UV light. The
supercoiled DNA was easily removed using the following procedure:

The tube was supported and wrapped with clear tape around the region
of the supercoiled band. A puncture was made approximately 3 mm be-
low the supercoiled band with a #21 gauge needle and 3 ml syringe.
With the bevel of the needle facing up, the supercoiled band was
gently removed. The pooled DNA was extracted with water-saturated n-
butyl alcohol until both phases were clear. The aqueous DNA phase
was diluted to 50 ml (=5X) with TE, brought to 0.3 M sodium acetate pH
5.2, and alcohol precipitated with the addition of 2.2 volumes of cold
95% ethanol after incubation in a -20°C freezer for at least 1 hr in
150 ml Corex bottles (need two bottles). The DNA peliet was rinsed
with 20 m1 of 80% ethanol, briefly lyophilized, and resuspended in

2 ml of TE. The DNA was filtered through a 2 cm x 25 cm Biogel ASm

column previously equilibrated with TE. The DNA was eluted with TE
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at an elution rate of approximately 0.5 mi/minute. The DNA-contain-
ing fractions were determined using an in-1line UV-recording system
(absorbance at 260 nm). The DNA fractions were pooled and alcohol
precipitated in SW28 tubes as noted previously. DNA prepared in
this way was free of bacterial RNA and protein and was suitable for
restriction enzyme analyses and DNA sequencing studies. The yield
of supercoiled DNA from a 500 ml culture was consistently 150 to 200
ug. The DNA was stored in 1.5 ml Eppendorf tubes at 4°C and used in

all subsequent procedures without further purification.

Restriction Mapping

A1l restriction digests were performed according to the pro-
tocol sheets which accompany the commercial products. Restriction
fragment molecular weights were calculated using either HindIII
digested Tambda DNA or Hinfl-digested pBR322 markef DNAs which were
run in parallel with the unknown DNAs in either 0.7 agarose gels or
5% polyacrylamide gels (1:30 bisacrylamide:acrylamide). The restric-
tion sites within a given fragment were determined using the multiple

digestion approach of Lawn et al. (32).

Fragment Elution from Agarose Gels

A11 DNA fragments were purified from agarose gels by electro-
elution into dialysis bags (40). DNA fragments of interest were
localized in agarose gels after staining the gel in TBE buffer (90
mM Tris-borate pH 8.3, 25 mM EDTA) containing 1 ng/ml of ethidium

bromide for 15 minutes at room temperature, using a long-wave UV
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lamp to minimize damage to the DNA. The fragment was excised from
the agarose slab using a razor blade; the cuts were made to within

1 mm of the band. The excised agarose fragment-slice was then in-
serted into an 0.6 mm dialysis bag approximately 3 cm longer than

the slice. The bag was then filled with the same TBE buffer, the air
bubbles expelled, and the bag clipped within 1 cm of the agarose
fragment slice. The fragment was electroeluted from the agarose
slice at 100V for 2-3 hours (depending upon the size). The band was
usually visible under long-wave UV light as a dense packed band
against the side of the dialysis tubing. The current was not reversed
to pull the DNA off the dialysis bag, because I found this step to be
unnecessary. The bag was rolled between thumb and forefinger to
release the loosely bound DNA, and the fluid was carefully removed.
If the volume was greater than 400 ul, sec-butanol was used to con-
centrate the aqueous phase to 400 ul, followed by two ether extrac-

tions (1 ml per extraction) and a standard alcohol precipitation.

Fragment Elution from Polyacrylamide Gels

DNA molecules which had been 5' end labeled were separated on
5% polyacrylamide gels (1:30 bisacrylamide to acrylamide) using Tris-
borate-EDTA (TBE) buffer (90 mM Tris-borate pH 8.3, 25 mM EDTA). The
gels were electrophoresed at 200V for approximately 2 h. pBR322 DNA
cut with Hinfl was used as size marker DNA. The bands were visualized
under long-wave UV irradiation after staining in ethidium bromide
(1 ug/m1) for 15 minutes at room temperature. The appropriate bands

were excised from the gel with a razor blade and crushed to a paste
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with a teflon pestle in a 1.5 ml siliconized Eppendorf tube. The
DNA was eluted from the gel (38) slurry overnight in a 37°C water
bath with 600 microliters of DNA extraction buffer (DEB) (0.5 M
ammonium acetate, 5mM magnesium acetate, 1 mM EDTA, 0.1% SDS). The
next day, the gel slurry was centrifuged at 12,000xg for 5 minutes in
a Beckman microfuge, and the supernatant was removed to a fresh 1.5
ml Eppendorf tube. For fragments under 1 kilobase in size, this
elution procedure standardly removed 90% or more of the total counts
available. The supernatant was then cleared of any remaining gel
particles by microfuge centrifugation at 12,000xg for 5 minutes;
after which, all but 5 microliters was transferred to a clean,
siliconized 1.5 ml Eppendorf tube. DNA (approx. 500 ul) was then
alcohol precipitated with 40 ug of yeast t-RNA. The pellet was re-
suspended in 300 ul of 0.5 M ammonium acetate and precipitated with
800 microliters of absolute ethanol. The ammonium acetate precipita-
tion was repeated, and the pellet rinsed two times with 80% ethanol
(1 ml/rinse). The pellet was lyophilized to near dryness and re-
suspended by vigorous vortexing in 47 microliters of sterile glass
distilled deionized water. At this point, the DNA was ready for the

Maxam-Gilbert sequencing reactions (38).

5' Labelling of 5' Extensions

A1l labelling reactions began with approximately 60 ug of the
appropriate DNA purified and amplified as described elsewhere in this

thesis. Appropriate restriction endonuclease digestion of the DNA
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was done in 1.5 ml Eppendorf tubes in a 37°C water-bath overnight
as described in 100 ul reaction volumes. Before proceeding with
the phosphatase reaction, the DNA was run on a mini-gel to check the
extent of the primary restriction digestion. The DNA was neither
phenol extracted or alcohol precipitated before the phosphatase re-
action was begun. The original 100 ul restriction volume was brought
to 200 ul total using standard 10X calf intestinal alkaline phos-
phatase (CIAP) buffer and 0.25U of CIAP, and the reaction mixture
was incubated at 37°C overnight. The following day, a second aliquot
(0.25U) of CIAP was added and an additional incubation at 37°C for 4-
6 h was performed. The reaction mixture (=225 ul) was extracted
twice with phenolchloroform-isoamyl alcohol (PCI) (25:24:1) and then
ether extracted twice (1 ml per extraction). The phenol phases were
re-extracted with an equal volume (equal to the original aqueous
volume) of water and the aqueous phases were combined (=500 ul1) and
alcohol precipitated. The pellet was rinsed twice with 1 ml of 80%
ethanol and briefly lyophilized (=5-8 minutes). The pellet was re-
suspended in 44 ul of aqueouS'y-[32P]ATP (3000 Ci/mmole) with vigor-
ous vortexing. The reaction volume was brought to a total of 50 ul
using standard polynucleotide kinase buffer (70 mM Tris*Cl1 pH 7.6,
100 mM potassium chloride, 10 mM magnesium chloride, 5 mM dithio-
threitol), water, and T4 polynucleotide kinase (12U-20U per reaction)
(39). The reaction was carried out at 37°C for 90 minutes, and was
terminated by alcohol precipitation of the DNA. Since both 5'

termini were now labelled, a second appropriate restriction enzyme
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digestion was performed in a 50 ul reaction volume to generate two
separable fragments each with only one end labelled. These frag-
ments were then separated and purified from 5% polyacrylamide gels

(1:30 bisacrylamide:acrylamide) as described.

5' Labelling of 3' Extensions and Blunt Termini

The basic labelling protocol used to label the 5' termini of
DNA fragments containing either 3' extensions or blunt termini was
identical to the procedure used for labelling 5' termini with 5'
extensions except for the following: after the appropriate restric-
tion digestion, the DNA was alcohol precipitated and resuspended in
50 1l reaction volume containing standard T4 DNA polymerase buffer
(30 mM Tris-acetate pH 7.9, 66 mM potassium acetate, 10 mM magnesium
acetate, 0.5 mM dithiothreitol, 200 ug/ml BSA), water, and 15U of T4
DNA polymerase (41). The reaction was carried out at 37°C for 30
minutes. The DNA was alcohol precipitated, phosphatased, labelled,
and purified as described for the 5' labelling of the 5' extension

protocol described above.

Nucleotide Sequence Determination

DNA fragments for sequencing were single-end 5' labelled and
purified as described elsewhere in this chapter. The fragments were
subjected to partial chemical degradation by the method of Maxam and
Gilbert (38, 39) (see Figure A.3, page 70). In every case, the junc-
tion between two adjacent sequenced regions was determined by sequenc-
ing an overlapping DNA fragment. The DNA was sequenced on 20%, 8%,

6%, and 4% polyacrylamide (1:30 bisacrylamide:acrylamide) 7 M urea
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gels, which were 0.4 mm x 20 cm x 84 cm with 1.3 cm wells (20% gels
were 0.4 mm x 20 cm x 40 cm). A1l gels were poured in a nearly
horizontal position, hardened horizontally overnight, and prerun for
1 h or until the upper portion of the outer glass (8 mm plate glass)
reached approximately 50°C. For 20% gels, each well (G, A+ G, T+

C, C) contained 5 x 104

cpm, and the electrophoresis was carried out
at 1200 V. For all other gels, each well contained approximately

10 x 104 cpm, and the electrophoresis was carried out between 2100 V
and 2500 V. The length of any particular gel run was determined
empirically by noting positions of the xylene cyanol and bromophenol
blue marker dyes and the corresponding nucleotide sizes comigrating
with these dyes within a given gel type. After a gel run, one glass
plate was removed,:-and the gel strip was covered with one layer of
Saran-wrap and strips of Kodak XAR-5 film. The top glass plate was
replaced, and the entire assembly was wrapped in a light-tight cloth
cassette. The gels were exposed to film at -80°C for 1-4 days without

intensifying screens before development with standard Eastman Kodak

chemicals.

Isolation of RNA

RNA was isolated from the wild type yeast strain S288C (a,
gal-2). The protocol followed was a combination of two protocols
outlined by Struhl and Davis (46, 47) and by Chirgwin et al. (15).
Essentia]]y, a starter culture was prepared by inoculating 20 ul of
a stationary YEPD broth culture of S288C into 20 ml of 3D broth with

shaking in a 30°C air shake-bath at 250 rpm overnight. The following
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day, 400 ul of the starter culture was inoculated into 500 ml of
sterile, 30°C SD broth. The culture was grown in a 30°C air shake-
bath at 250 rpm until the A600 reached 0.15 using a 1 cm pathlength.
The cells were pelleted in 500 ml Sorvall bottles at 5000 rpm for 30
minutes. The pellet, approximately 1.5 g, was washed with 10 ml of
water, repelleted and quickly resuspended by aspiration in 1 mi of
room temperature 1 M sorbitol containing 50 mM sodium phosphate
buffer pH 7.5. After resuspension, 3U of lyticase per original ml
of cell culture was added, and the culture was lightly vortexed.
Following a 5 minute incubation-at room temperature, 5 ml per gram
cell pellet of guanidine thiocyanate solution (4 M quanidine thio-
cyanate, 0.5% sarkosyl, 25 mm sodium citrate pH 7.0, and 0.1 M 2-
mercaptoethanol) was added and the solution homogenized in a steril-
jzed, stainless-steel container using 15 second bursts four times.
Cell debris was removed by centrifugation in sterilized 30 ml Oak-
Ridge centrifuge tubes in an appropriate Sorvall rotor at 10,000
rpm for 10 minutes. The aqueous phase was removed and brought to a
total of 8 ml using sterile water. The 8 ml resuspension was
layered onto a 4 m1 5.7 M cesium chloride containing 0.1 mM EDTA
in 12 m1 Beckman SW41 tubes (25, 26). The RNA was pelleted by
centrifugation, the top aqueous phase and lower cesium phase was
drawn off with a Pasteur pipette until the obvious regions of debris
and DNA were discarded; after which, the remainder of the solution
was poured off and the tube was drained. The pellet was rinsed two
times with 1 ml of 80% ethanol, dried briefly, and resuspended in

0.5 ml of sterile water by incubation at 68°C for 30 seconds. The
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RNA was transferred to a sterile 1.5 ml Eppendorf tube, alcohol pre-
cipitated and resuspended in 0.5 ml of sterile water. The amount of
RNA was quantitated by checking the absorbance at 260 nm using a

1 cm pathlength (A600 = 40 pg/ml). The RNA was used for dot blot

analysis.

Dot Blot Analysis

Dot blot analysis was performed using a slight modification
of two protocols outlined by Thomas (49) and White and Bancroft (51).
Purified RNA in sterile water was mixed with an equal volume of a
solution containing 2 parts 37% formaldehyde and 3 parts 20x SSC
(20x SSC: 3 M sodium chloride, 0.3 M sodium citrate). The solution
was heated in a 60°C water-bath for 20 minutes and quickly cooled in
an ice/ethanol bath. Additional 20x SSC was added to bring the final
salt concentration to 15x SSC. Serial dilutions were carried out
such that the RNA content of each dot was decreased but the volume
added to the filter was constant; thereby, each dot was approximately
the same size on the filter. The filter was dried at room tempera-
ture for 60 minutes and baked in a vacuum oven at 80°C for 3 h. The
filter was placed in a Sears seal-a-meal bag containing 0.12 m]/cm2
hydridization solution (hybridization solution: 1:1 2x hybridization
stock to deionized, filtered formamide pH 7.0; 2x hybridization
solution: 10x SSC, 100 mM sodium phosphate pH 6.5, 500 ug/ml de-
natured salmon sperm DNA, and bovine serum albumin, Ficoll, and
polyvinylpyrrolidone at final concentrations of 0.4%). The filter

was prehybridized in hybridization solution for 24 h in a 42°C
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water-bath; the prehybridization solution was removed and a fresh
aliquot of hybridization solution containing 10% dextran sulfate and

6 cpm/75 cm2 of the appropriate [32P]—DNA probe. The hybridiza-

10
tion was carried out for 48 h in a 42°C water-bath. The probe was
5' Tabelled DNA according to the protocol given elsewhere. Before
probe was added to the hybridization solution, the probe was diluted
with 10 volumes of hybridization solution and denatured in a boiling
water-bath for 10 minutes. After hybridization, the filter was re-
moved from the bag and placed in a plastic pan for rinsing. The
initial rinses were repeated four times with 2x SSC containing 0.1%
sodium dodecyl sulfate (SDS) at 55°C, 15 minutes per rinse. The
second set of rinses were identical to the first, except that the
saline concentration was reduced to 0.2x SSC. The final four rinses
were done at room temperature with 0.2x SSC without SDS. The filter
was drained on blotting paper and dried at room temperature for 60
minutes, placed in a Sears seal-a-meal bag and exposed to Kodak

XAR-5 film for 24 h at -80°C prior to development of the autoradio-

gram.



CHAPTER II1

RESULTS

Isolation of the 17.2 Kb ARO1 Fragment

The isolation and characterization of the original 17.2 Kb
ARO1 cluster-gene fragment has been described (31). The original

fragment was isolated by complementation in Saccharomyces cerevisiae

following transformation with a comprehensive yeast DNA Tibrary of
BamH1 restriction fragments inserted into the shuttle-vector YEp13
(see Figure A.2, page 69). A restriction map of that fragment is

shown in Figure 3.1.

ARO1 Promoter Activity

In order to demonstrate that the expression of the 17.2 Kb
ARO1 fragment in the YEp13 shuttle-vector is due to a promoter on
the fragment (and not due to the tetracycline promoter on the
plasmid), YEp13 plasmids containing the 17.2 Kb ARO1 insert in both
orientations relative to plasmid were constructed and tested for
expression in both orientations. DNA from ARO1 transformed E. coli
HB101 cells was amplified and purified as described. The 17.2 Kb
BamH1 fragment was purified from preparative 0.7% agarose gels and
ligated back into the BamH1 site of the YEp13 shuttle-vector. The
ligation mixture was then used to transform competent E. coli HB101
cells. The transformation mixture was plated on L-broth agar-medium

containing ampicillin (25 ug/ml) or tetracycline (12 ug/ml).
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Fig. 3.1. Restriction map of the 17.2 Kb ARO1 fragment.
Restriction map of the initial 17.2 Kb ARO1 fragment. The first
subcloned fragment demonstrating AROT activity was a 17.2 Kb BamHI

fragment (see text).

On the left are those restriction endonucleases

which have internal sites mapped within the BamHI boundaries of the

17.2 Kb fragment.
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Colonies suspected of containing insert and which grew on the ampi-
cillin plates, were picked for further analysis. DNAs from mini-
preparations were digested with BamHI and HindIII restriction endo-
nucleases and electrophoresed on 0.7% agarose gel slabs to determine
the relative orientation of the 17.2 Kb fragment to the plasmid.

The two distinct orientations of the 17.2 Kb fragment and the pre-
dicted fragment sizes are shown in Figure 3.2. These same two DNA
preparations were used to transform arol mutants of yeast. Using
either orientation, the 17.2 Kb ARO1 fragment was capable of comple-
menting the pleiotropic arolD nonsense mutant of yeast (data not
shown). No differences in complementation efficiency or growth
}of complemented strains were observed relative to the orientation

of the 17.2 Kb fragment.

ARO1 Expression in E. coli

It was of interest to determine if the yeast ARO1 gene would

be expressed, and therefore complement, aro mutants of E. coli.

With plasmid DNAs from subclones containing the YEp13 vector and

the original 17.2 Kb.ABgl fragment in both orientations (see Results:
AROT Promoter Activity), transformations were performed using four
separate aro mutants of g; coli (see Strains and Media). In either
orientation, all aro mutants of E. coli were complemented, and
curing experiments demonstrated that the ARO+ phenotype was due to
expression of the fragment and not due to reversion (data not shown).

No differences in complementation efficiency were observed with re-

spect to orientation.




30

3.7
-17.2 Kb
-10.7 Kb
9.6
6.6

ORIENTATION NO.!I ORIENTATION NO.2

15.0kb 17.2kb
. 12.9kb 10.7kb
L |

Fig. 3.2. 17.2 Kb flip-flop experiment. In order to deter-
mine whether or not the 17.2 Kb ARO1 fragment contained its own pro-
moter activity, the 17.2 Kb fragment was purified from 0.7% agarose
gels, re-1igated into BamHI restriction endonuclease digested
YEp13 vector, and transformed into competent E. coli HB101 cells.
DNA mini-preparations were made from selected plasmid-containing
colonies, and 20 ul aliquots were restriction endonuclease digested
with either BamHI or HindIII to determine orientation of the frag-
ment relative to vector. As shown in the figure, all BamHI diges-
tions should yield a 17.2 Kb insert fragment and a 10.7 Kb plasmid
fragment. HindIII digestions will generate two different restric-
tion patterns depending upon orientation relative to vector. In
one orientation, two fragments of 23 Kb and 4 Kb will be produced,
and in the other orientation, two different fragments of 14 Kb and
13 Kb will be produced. Lane 1: HindIII digested Tambda DNA; Lanes
2 and 3: BamHI (2) and HindIII (3) digested 17.2 Kb DNA (orientation
1); Lanes 4 and 5: BamHI (4) and HindIII (5) digested 17.2 DNA
(orientation 2); Lane 6: BamHI digested YEp13 vector DNA, 10.7 Kb.
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Subcloning of the 17.2 Kb ARO1 Fragment in Yeast

The ARQO1 gene has an estimated size of 3.5 Kb to 4 Kb (esti-
mated from the ARO1 purified gene product size on denaturing poly-
acrylamide gels of 150,000 daltons) (31). Therefore, in an effort
to locate the position of the ARO1 gene within the 17.2 Kb fragment
more accurately, restriction fragments (see Figure 3.3) of at least
4 Kb of contiguous DNA were purified from 0.7% agarose gels and
ligated into the YEp13 shuttle-vector. The ligation mixtures were

first used to transform competent E. coli HB101 cells. DNA mini-

preparations and restriction analyses were used to demonstrate the
presence of the fragment being subcloned. When the correct fragment
had been subcloned, aliquots of the appropriate DNA mini-preparations
(1-5 ug) were used to transform the yeast, arolD nonsense mutant.

The results of these subcloning experiments and transformations are
shown in Figure 3.3. Only the 12 Kb BamH1-HindIII fragment was
capable of complementing the yeast mutant. Curing experiments demon-
strated that the ARO+ phenotype was due to the presence of the in-
sert in the plasmid and not due to reversion. Subsequent subcloning

used a purified 12 kb fragment.

Sau3Al Subcloning of the 12 Kb ARQO]1 Fragment

Partial digests of the purified 12 Kb ARO1 fragment were
carried out with Sau3AI. The amount of Sau3Al necessary was deter-
mined empirically. The partial digests were electrophoresed on

0.7 agarose gels at 40 V for 18 h. HindIII digested A-DNA was used
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Fig. 3.3. Subcloning of the 17.2 Kb ARO1 fragment in yeast.
Subcloning of the 17.2 Kb fragment was done by using complementation
analysis in the yeast arolD nonsense mutant. Selected regions of
the 17.2 kb fragment were digested with the indicated restriction

endonucleases (shown in bold outline in the figure) purified on 0.7%
agarose gels, and ligated into YEp13 vector. Each subcloned frag-

ment was then tested for complementation after transformation into
the yeast arolD nonsense mutant. As indicated in the figure, the
only fragment isolated which demonstrated ARQ1 activity was the 12.5
Kb BamHI-HindIII fragment.
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as a marker for molecular weight standards. The partial digests of
the purified 12 Kb fragment were visualized with ethidium bromide
staining and long-wave UV 1ight. DNA fragments between 4 Kb and
6 Kb were electroeluted and ligated into the BamHI site of the
pBR322 vector which had previously been treated with alkaline phos-
phatase. The ligation mixture was then used to transform competent
E. coli SK2881 cells. Transformed colonies (those colonies that grew
on ampicillin agar medium but failed to grow on tetracycline agar
medium), were used for DNA mini-preparations and restriction analyses.
However, since the Sau3Al fragments were ligated into a BamHI digested
plasmid, the resultant BamHI/Sau3Al hybrid site, was no Tonger recog-
nized by BamHI (Sau3AI will recognize the hybrid site, but will also
destroy the insert because of the partial nature of the Sau3Al diges-
tion used to generate the inert fragments). The size of the insert
was estimated from the total length of the HindIII digested plasmid
(no HindIII sites in the insert). Predicted plasmid plus insert
lengths should range between 8 Kb and 10 Kb (pBR322 4.3 Kb + insert
4-6 Kb). The results of the Sau3Al subcloning experiments are
shown in Figure 3.4. Because the ARO1 gene fragment seemed to be
located on the left end of the 17.2 Kb fragment (see Figure 3.3),
and because of the nature of the Sau3AI/BamHI ligations, it was
possible to determine which of the subclones seen in Figure 3.4
contained the left-most region of the subcloned 12 Kb fragment.

The rationale behind the protocol is shown in schematic form in

Figure 3.5. Those subclones that had apparently regenerated the
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Fig. 3.4. Sau3Al subclones. The 12.5 Kb ARO1 fragment was
purified from 0.7% agarose gels and partially digested with Sau3AIl.
Sau3Al fragments between 4 Kb and 6 Kb (see text) were electroeluted
from 0.7% agarose gels and ligated into BamHI digested pBR322 vector.
After transformation into competent E. coli HB101 cells, DNA mini-
preparations were made from 16 plasmid-containing colonies. The
plasmid DNAs were digested using the unique HindIII site within the
plasmid. Subsequent digestion with BamHI indicated those plasmids
which had apparently regenerated a left BamHI site (see Figure 3.5).
One of the 16 Sau3AI subclones (subclone K in the figure) carrying
the regenerated BamHI site, contained =6.5 Kb of contiguous DNA
(see Figure 3.6), and was selected for amplification and purification

k. colil.



CONSTRUCTION OF Say 3AI SUBCLONES

Sau 3Al
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Fig. 3.5. Construction of the Sau3Al subclones (see Figure

3.4, page 34).
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Teft-most BamHI site would be Tinearized by restriction digests using
BamHI. Of the 16 subclones shown in Figure 3.4, only three were
digested with BamHI (data not shown). One of these, the subclone
containing 6.5 Kb of DNA was chosen for restriction enzyme analysis
and complementation studies in the available E. coli, aro mutants.
The results of these studies are shown in Figure 3.6. The 6.5 Kb
ARO1 subclone complemented all of the available aro mutants of E.
coli, which strongly suggested that this 6.5 Kb fragment of DNA con-
tained all of the structural information for expression of the ARO1
gene. The plasmid DNA purified from this subclone was used in the

subcloning experiments which follow.

Subcloning of the 6.5 Kb ARO1 Fragment

In an effort to localize the ARQ1 gene on the smallest pos-
sible segment, the 6.5 Kb ARO]1 fragment was subcloned into seven
distinct fragments of increasingly larger sizes from the common left-
most BamHI site on the 6.5 Kb fragment shown in Figure 3.7. The
inserts for all of the seven subclones were obtained from either
partial or complete digests of the appropriate DNAs, and subsequently
purified by electroelution from 0.7 agarose gels. Where necessary,
BamHI linkers were used to construct BamHI termini in order to facii-
itate pBR322 BamHI site subcloning and subsequent subcloning studies
using the BamHI site in the YEp13 shuttle-vector for later use in
yeast complementation studies. Al1l purified inserts were ligated

into either the BamHI site of pBR322 or into pBR322 missing the
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8.3 Kb  Sau 3AI ARO1 SUBCLONE

EcoRI Pvull Heal KpN I
BaukT TECORI Sac| EcoRI| Baw HI/Sau3AL

T 1T |1 |
[ -l L, 1 ] L I J
O I 2 3 4 5 &
KILOBASE PAIRS

6.5 Kb FRAGMENT
E. coli

COMPLEMENTATION +
RESULTS -

COMPLEMENTATION
NO COMPLEMENTATION

SK 494 (aro E)
SK 890 (aro B)
SK 288! (aro D6)
SK 3337 (aro A2)

+ + + o+

Fig. 3.6. E. coli complementation results using the 6.5 Kb
fragment. The 6.5 Kb ARO1 fragment was subclone K shown in Figure
3.4. Competent aro strains of E. coli were transformed with 1-2 ug
of purified 6.5 Kb/pBR322 plasmid DNA. The transformation mixture
was plated directly onto selective agar medium which lacked the aro-
matic amino acid supplements. Transformants were "cured" of plasmid/
insert DNA to insure that the aro phenotype was due to the transform-
ing DNA. As shown in the figure, all aro strains of E. coli were
complemented after transformation with the 6.5 Kb/pBR322 ptasmid DNA.
Complementation: "+" means the ability of a particular aro mutant
after transformation, to grow vigorously on nonsupplemented minimal
medium (comparable to growth of an aro mutant on supplemented mini-
mal medium). Complementation: "-" means no growth was observed.
Those restriction endonuclease sites used in subsequent subcloning
experiments are also shown in the figure.




38

SUBCLONING OF THE 6.5Kb ARO1 FRAGMENT

Bam HI EcoRI SacI EcoRI KPNI BaMHI/Say 3A
| ECORT | Pvull| HPAT | | |
| 3 11

 LIKD Eco RI

I ] ]

}2'0 Kb | Eco RI

129Kb | {Pwul} BamHI

1 35Kb | {sAc 1} Bam HI

| 1

' 4.3Kb r { Hea 1} Bam HI
I ]

.r 54 Kb | Eco RI

1 6.0 Kb | {KPN 1} Bam HI
g i

{ 1 | | | L}

I | | | I ] L

O I 2 3 4 5 6

KILOBASE PAIRS

Fig. 3.7. Scheme for subcloning of the 6.5 Kb ARO1 fragment
(see Figures 3.8-3.14).
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BamHI-EcORI segment as shown in the constructions (see Figures 3.8-

3.14).

Schematic diagrams for the constructions of the 6.5 Kb ARO1
fragment subclones, the 1.1 Kb, 2.0 Kb, 2.9 Kb, 3.5 Kb, 4.3 Kb, 5.4
kb and the 6.0 Kb are shown in Figures 3.8-3.14. These seven sub-
clones were used in complementation studies using aro mutants of

yeast and of E. coli.

Yeast and E. coli Complementation Experiments Using the 6.5 Kb ARO1

Subclones

Since all of the 6.5 Kb ARO1 subclones (see Figure 3.7) were
constructed in the E. coli plasmid, pBR322, complementation assays
with aro mutants of E. coli were done without further modifications
of the constructions. However, each subclone to be tested for its
ability to complement arol mutants of yeast, required that the in-
sert first be removed from the pBR322 vector and subcloned into
YEp13. The 6.0 Kb, 4.3 Kb, 3.5 Kb, and 2.9 Kb BamHI inserts were
electroeluted from 0.7% agarose gels. These inserts were re-ligated
into the BamHI digested YEp13 vector that had been treated
with alkaline phosphatase. The 1igation mixture was used in a
transforﬁation with competent E. coli HB101 cells. Restriction
analysis of DNA mini-preparations of insert-containing colonies
confirmed the existence of the appropriate fragment within the
YEp13 vector. Aliquots of the appropriate DNA mini-preparations

were used in subsequent transformation and complementation assays
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ARO1-1.] SUBCLONE

PLASMID INSERT
EcoRI
BamHI
PBR322
STEPI | EcoRI/BamHI STEP 2 | EcoRI/BamHI
EcoRI EcoRI

8amHI

o ARQ1L Sequences
—— PBR 322 Sequences

Fig. 3.8. Construction of the ARO1-1.1 subclone. The ARO1-
1.1 subclone was constructed from pBR322 and the ARQ1-6.5 subcTone
(see Figure 3.7). The "plasmid" DNA was generated d from an EcoRI/
BamHI double-digest of pBR322 (step 1). The AR01-1.1 "insert" DNA
was generated from an EcoRI/BamHI double-digest st of the AR0I-6.5
DNA subclone (step 2).  The resultant plasmid and insert fragments
were electroeluted from 0.7% agarose gels as described and ligated
together using T4 DNA ligase (step 3). Subsequent transformation
into competent E. coli HB101 cells, DNA mini-preparations, and re-
striction analysis confirmed the construction.
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ARO1-2.0 SUBCLONE

PLASMID INSERT

EcoRI
Bam HI
PBR322

STEPI| [EcoRI/BamHI STEP 2 Bam HI (To Compietion)
EcoRI (Partials)

mar ARQ1 Sequences
——— PBR322 Sequences

Fig. 3.9. Construction of the ARO1-2.0 subclone. The ARO1-
2.0 subclone was constructed from pBR322 and the ARO1-6.5 subclone.
The "plasmid" DNA was generated from an EcoRI/BamHI double digest of
pBR322 (step 1). The "insert" DNA was generated after digestion of
AR0O1-6.5 DNA with BamHI to completion followed by partial digestion
with EcoRI (step 2). The plasmid and insert fragments were electro-
eluted from 0.7% agarose gels as described, and ligated together
using T4 DNA ligase (step 3). Subsequent transformation into compe-
tent E. coli HB101 cells, DNA mini-preparations, and restriction

analysis confirmed the construction.



42
ARQ1-2.9 SUBCLONE

PLASMID INSERT
1.45kp

Pvull

BamHL/
SAU3AI

Bam HI(Partials) Pvull
STEP! | PstI(Partiai) STEP2 | BamHI Linker
PstI/BamHI
Pstl Pstl 1.45kb
,,,*Q m(ﬂn)_omm
V

= ARQL Seguences
—— PBR322 Sequences

Fig. 3.10. Construction of the AR01-2.9 subclone. The ARQO1-
2.9 subclone was constructed from the ARO1-6.0 and the ARO1-6.5 sub-
clones. The "plasmid" DNA was generated from BamHI and Pstl partial
digests of ARO1-6.0 DNA (step 1). The "insert" DNA was generated
after digestion of AR01-6.5 DNA with Pvull, addition of BamHI linkers,
and a subsequent PstI/BamHI double digestion (step 2). The plasmid
and insert fragments were electroeluted from 0.7% agarose gels as
described, and 1igated together using T4 DNA ligase (step 3). Sub-
sequent transformation into competent E. coli HB101 cells, DNA mini-
preparations, and restriction analysis confirmed the construction.
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ARQ1-3.5 SUBCLONE

PLASMID INSERT
BamHI

PBR322
Bam HI SACT
STEP I CIAP STEP 2 T4-Polymerase
Bam HI Linkering
am HI
o (SACT)BamHI

BamHI Bam HI ‘r\—— £9m
BamHI

ssme= ARQ1 Sequences
- PBR322 Sequences

S5 (SACT) Bam HI

Fig. 3.11. Construction of the ARQ1-3.5 subclone. The ARQOI-
3.5 subclone was constructed from pBR322 and the ARO1-6.5 subclone.
The "plasmid" DNA was generated after BamHI digestion of pBR322 (step
1). The "insert" DNA was generated after Sacl digestion of the
ARO1-6.5 DNA followed by T4 DNA polymerase (3' EXO0 activity) diges-
tion, addition of BamHI linkers, and a SacI/BamHI double digestion
(step 2). The plasmid and insert fragments were electroeluted from
0.7% agarose gels as described, and ligated together using T4 DNA
ligase (step 3). Subsequent transformation into competent E. coli
HB101 cells, DNA mini-preparations, and restriction analysis con-

firmed the construction.
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ARO1-4.3 SUBCLONE

PLASMID INSERT

STEPI | Ban sTEp 2 | Hpal
Bam HI Linkering
SACT/Baom HI

SACT
%ﬁ).akb
(Hpal)

BamHI

LIGATION

== ARQ1 Sequences
—— PBR322 Sequences

SACI
0.8kb
Bam HI

Fig. 3.12. Construction of the ARO1-4.3 subclone. The ARO1-

e

4.3 subclone was constructed from the AR01-6.0 and the ARO1-6.5
subclones. The "plasmid" was generated with a Sacl digestion,
followed by BamHI partial digestion (step 1). The "insert" DNA was
generated from the ARQ1-6.5 DNA after Hpal digestion, addition of
BamHI Tinkers, and a Sacl/BamHI double digestion (step 2). The
plasmid and insert fragments were electroeluted from 0.7% agarose
gels as described, and ligated together using T4 DNA ligase (step 3).
Subsequent transformation into competent E. coli HB101 cells, DNA
mini-preparations, and restriction analysis confirmed the construc-
tion.

O
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ARQO1-5.4 SUBCLONE

PLASMID INSERT
Eco RI

BamHI

PBR322

STEP | | EcoRI/BamHI STEP 2 | BamHI (To Completion)
EcoRI ( Partial)
Y
EcoRI Lax
EcoRI

BamHI

= ARQ1L Sequences
—— PBR322 Sequences .

Fig. 3.13. Construction of the ARO1-5.4 subclone. The ARO1-
5.4 subclone was constructed from pBR322 and the ARQ1-6.5 subclone.
The “"plasmid" DNA was generated by EcoRI/BamHI double digests of
PBR322 (step 1). The “insert" DNA was generated by digestion of
ARO1-6.5 DNA with BamHI, followed by an EcoRI partial digestion
(step 2). The plasmid and insert fragments were electroeluted from
0.7% agarose gels as described, and 1igated together with T4 DNA
ligase (step 3). Subsequent transformation into competent E. coli
HB101 cells, DNA mini-preparations, and restriction analysis con-
firmed the construction.
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ARO1-6.0 SUBCLONE

PLASMID INSERT
BamHI 6.0kb

PBR 322
Kpn I
Bam HI T4-Polymerase
STEPT ICiaP STEP 2 Bam HI Linkering
BamHI
6.0kb
BamHI
Bam HI (Kpn 1)
BamHI
BamHI
STEP 3
LIGATION
mmr— ARQ1 Sequences
—— PBR322 Sequences
e 0kb
BamHI (Kpn I) BamHI
ARQO1-6.0

Fig. 3.14. Construction of the AR01-6.0 subclone. The ARO1-
6.0 subclone was constructed from pBR322 and the ARO1-6.5 subclone.
The "plasmid" DNA was generated after BamHI digestion of pBR322 (step
1). The "insert" DNA was generated by digestion of ARO1-6.5 DNA with
Kpnl, followed by T4 DNA polymerase treatment to generate blunt
termini. After the addition of BamHI linkers, extensive BamHI
digestion generated the 6.0 Kb fragment insert (step 2). The plasmid
and insert fragments were electroeluted from 0.7% agarose gels as
described, and ligated together with T4 DNA Tigase (step 3). Subse-
quent transformation into competent E. coli HB101 cells, DNA mini-
preparations, and restriction analysis confirmed the construction.
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in both yeast and in E. coli, aro mutants. The results of these
complementation experiments are shown in Figure 3.15. As shown
in Figure 3.15, those subclones containing at least 3.5 Kb of
contiguous DNA were capable of complementing two aro mutants of
yeast (including a pleiotropic mutant) and all of the available aro
mutants of E. coli. Interestingly, the 2.9 Kb subclone was capable

of complementing only one aro mutant of E. coli--SK494 (aroE).

RNA/DNA Hybridization-Dot Blot Analysis

A schematic of the RNA/DNA hybridization studies is shown in
Figure 3.16. Total RNA was puried from wild type, log phase,
yeast (5288C) cells, spotted onto nitrocellulose and probed with a
[32P]-5'-1abe11ed EcoRI fragment. The EcoRI fragment probe was
chosen because of the internal location of the fragment within the
3.5 Kb ARO1 subclone. After labelling, a Pstl digestion generated
two distinct, separable, double-stranded fragments, each containing
a single label on an opposite strand. These fragments, a 350(N) and
a 550(N), were electrophoresed in and purified from 5% polyacryl-
amide gels. Each fragment was used in independent hybridization
studies to probe two separate RNA preparations. The 550(N) EcoRI
probe hybridized to both RNA preparations (see Figure 3.17), where-
as the 350(N) EcoRI probe failed to hybridize with either prepara-

tion (data not shown).



48

Kb
1.1 2.0 2.9 3.5 4.3 5.4 6.0
Yeast
XL39-4A (arolD nonsense) NT NT -- + + NT +
XL60-28 (arolD nonsense) + + NT +
XL61-1D (arolE missense) NT NT -- + + NT +
E. coli
SK494 (aroE) -- - + + + + +
SK890 (aroB) -- - - + + + +
Sk2881 (arolD) -- -- -- + + + +
SK3337 (aroA2) - -- - + + + +
+ = Complementation.
- = No complementation.

NT = Not tested

Fig. 3.15. Yeast and E. coli complementation results using
the ARO1-6.5 Kb subclones. Seven subclones of increasingly larger
sizes from a common BamHI end (see Figures 3.7-3.14) were constructed.
Aliquots of the appropriate DNAs (1-10 ug) were used in transforma-
tion and complementation assays using competent strains of yeast or
of E. coli. Complementation: "+" means the ability of a particular
aro mutant, after transformation, to grow vigorously on nonsupple-
mented minimal medium (comparable to growth of an aro mutant on
supplemented minimal medium). Complementation: "-" means no growth
was observed.



https://3.7-3.14

49

ARO1 Dot -BLoT ANALYSIS
35kb AROT FRAGMENT
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Fig. 3.16. Schematic for dot-blot analysis. The DNA segment
shown at the top of the figure is the 3.5 Kb fragment (see Figure
3.7). An internal EcoRI segment (=1 Kb) was purified from the 3.5
Kb fragment, [32p]-5"-1abelled, and digested with PstI. The result-
ing single-end labelled fragments (350 (N) and 550 (N)) were used
to probe total RNA purified from wild type yeast (S288C) cells.

"+" means the DNA probe hybridized to the RNA. "-" means the DNA
probe failed to hybridize to the RNA (see Figure 3.17).
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RNA #1 RNA #2

Fig. 3.17. RNA/DNA hybridization-dot blot analysis. The two
columns of RNA represent total RNA preparations from wild-type yeast,
5288C cells. The RNA was serially diluted and spotted onto nitro-
cellulose; the most concentrated spot is represented by the top-most
dot. Positive control DNA (~10 ng) was spotted in three different
positions on the filter (represented by the three large, over- exposed
regions). Negative control areas are indicated by the single arrow
and the double arrow: the single arrow was a commercial preparation
of yeast t-RNA, and the double arrow was genomic RNA purified from
the mushroom virus (a generous §1ft from Leon Stankowski). The
filter was then probed with a [32P]-5'-1abelled 350 (N) or 550 (N)
EcoRI fragment. The 350 (N) fragment failed to hybridize to either
RNA preparation (data not shown); only the 550 (N) fragment hybrid-
ized to the wild-type RNA preparations.
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Nucleotide Sequences

The DNA nucleotide sequencing scheme is shown in Figure 3.18.
The restriction sites shown were used to generate fragments which
were [32P]-5'-1abe11ed and sequenced according to the Maxam-Gilbert
protocol (38, 39); see Figure A.3, page 70. Partial sequence in-
formation has been determined for three distinct regions within the
2 Kb segment of the ARQ1-2.0 Kb subclone (see Figure 3.9, page 41).
The completed sequences are represented as darkened "blocked" areas
in Figure 3.18 and are shown in Figures 3.19, 3.20, and 3.21. The
most important preliminary find came from within a sequenced region
of approximately 400 nucleotides starting at the left-most BamHI
site. These sequences demonstrated the existence of a potential

yeast type TATA promoter region (18) (see Figure 3.19).
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ARO1 SEQUENCING STRATEGY

PvuIl Pstl EcoRI
Bglll EcoRI
BamHI
] I Emmaw
) ,
e e B S
44—
O 05 1.0 1.5 2.0

KILOBASEPAIRS

Fig. 3.18. ARQl sequencing strategy. Partial sequence in-
formation has been determined for three distinct regions within a
2 Kb segment of the AR01-2.0 Kb subclone (see Figure 3.9, page 41).
The completed sequences are represented as the dark blocked areas
in the figure. The restriction sites shown were used to generate
fragments which were [32P]-5'-labelled and sequenced according to
the Maxam-Gilbert protocol.



ARO1 SEQUENCES

Bgl Il
.B_o_mF_iﬂ

| Ndel EcoRI EcoRI

H—————+ e

TATAAA ? '

’ 1.0 2.0

) Bam HI
. GATCOTTGTAATTCCACTTCACTTGAGAAG 30
Bgl II

CAGUAGATCTCCATGAACTTGTCOAATAA 60
ATGGTCTATGTGGACTTCTCATATCCCAAG 90
CATGTACATACGTATCGACTGAACAGGGTAA 120
CTAAAACATCCGGATGTTGCGGATTGAAGT 150
TTATATCTGTAATTGCTCTTGAGTGCCCAT 180
GAAGTACAAACTCAATGGCATTTGATGAAG 210
ATTTTGCTAAGTTOCATATGATTGCCTTTT 240
GATTCGATGTCGAGCCATCCAATATGGTTT 270
 TGCGGGATGTGGCGACCATTGTACATCAGC 300
 BACTTGC AGGGCTAATATGATTGCAACCA 330
CCTTGGAGGTGCAAACGAATCATTCAGGTC 360

Fig. 3.19. AROl sequences (A). DNA sequences from the left-

most region of the
3.9). Blocked areas represent restriction endonuclease sites and

GATAATATAAAGACCTTGCCGACTGA

s

390

AROT-2.0 subclone (see arrow above and Figure

underlined sequences represent possible promoter regions. The

double-underlined sequence represents a typical yeast type “TATA"

promoter.
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ARO1 SEQUENCES

BamHI EcoRI EcoRI
IR S
0 1.0 =20
5' CCAATTAAGGTTGGTACAARAGCAGCATGG 30
GCACCTTTCACAAGGAATCTCTCCAGCTTA 60
CTTAAAAGTTCGTCGTCTEGTEGTTTETCG 90
6CTGGTACAEAGC TAACAGCAACGCCAACS 120
TETTCCTTGGTCTCTTCTGTTGATTTAGTA 150
GACTCTATTCCAATGGTGTTRAATTTAGCA 180
GACGGAAGTGATCTCACCAATGECCCCAAT 210
TTCGAAGTTGTCCTGTTACCACGARGATCT 240
TTTTGCAACCTAAACTGTGTAAGGTGTAAA 270
6G6TGETT 3 300

Fig. 3.20. AR0O1 sequences (B). DNA sequences from the middle
region of the ARQ1-2.0 subclone (see arrow above and Figure 3.9).
Blocked areas represent restriction endonuclease sites. Vertical
lines represent the three different reading frames.
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ARO1 SEQUENCES

PwIl Bglll

5' CCA GAGTATAATCCTTGGACCATGATGGG 30
AACCAAGGTCTTGGTGTTGCCCCTTTTGTT 60
AATAACCTCATATTGGATATCAGTAGGTAA 90

AGTTAGTTCTAAGTCAAGGAATT 3! 120

F1g 3.21. ARO1 sequences (C) DNA sequences from the right-

most region of the ABQ% -2.0 subclone (see arrow above and Figure
3.9, page 41). Verti 1lines represent the reading frames.



CHAPTER IV
DISCUSSION AND SUMMARY

The studies presented in this thesis are essentially a con-
tinuation of the ARQO1 subcloning studies initiated by Larimer et al.
(31). The original fragment containing the ARO1 gene was a 17.2 Kb

BamHI fragment isolated by complementation in Saccharomyces cerevisiae

following transformation with a comprehensive yeast DNA library of
BamHI restriction fragments inserted into the shuttle-vector YEp13
(10, 27, 31; see Figure A.2, page 69). The present study used re-
combinant DNA technology (36, 29) to isolate and characterize the

ARO1 gene of Saccharomyces cerevisiae. The ARO1 gene is thought to

be a "cluster-gene"--a single transcriptional unit encoding a penta-
functional polypeptide. The ARO1 gene product has an estimated
molecular weight of approximately 150,000 daltons (31) and catalyzes
reactions 2 through 6 in the biosynthesis of the aromatic amino acids
(see Figure 1.1, page 4). The "cluster-gene" model proposed for the
ARQ1 gene stemmed from earlier work on the "arom aggregates" of other
fungal systems (22, 24, 13, 12, 23); however, the definite studies
have not been done.

Because of the relative ease with which E. coli cells can be

transformed, it was of interest to determine if the original 17.2
Kb ARO1 fragment (see Figure 3.1, page 28) was capable of being
expressed in E. coli hosts. The expression of the 17.2 Kb BamHI
fragment in two different orientations relative to plasmid (see

56
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Figure 3.2, page 30) in four different aro mutants of E. coli demon-
strated not only the ability of the yeast ARO1 gene to be expressed
by E. coli, but also that the expression, in E. coli, was due to a
yeast promoter on the fragment, presumably due to the ARO1 promoter,
and not due to expression off the tetracycline promoter on the plas-
mid. It should also be pointed out that the expression of the ARO1
gene in E. coli strongly suggests the lack of introns within the AROT
gene. However, the expression results do not preclude the possibil-
ity that small intronic regions are present that are fortuitously
transcribed and translated without affecting complementing activity
in E. coli.

Complementation assays, using subcloned fragments inserted
into either pBR322 (9, 48), or YEp13 (10, 27) were performed in
nonsense and missense mutants of ARO1 in yeast and in four separate .-
aro mutants of E. coli (see Figure 3.15, page 48). The figure demon-
strates that the 2.9 Kb subclone (see Figure 3.10, page 42) failed to
complement aro mutants of yeast, but does demonstrate complementing
activity in one of the available aro mutants of E. coli (see Figure
3.15, page 48). The removal of 600 nucleotides from the 3.5 Kb sub-
clone (to construct the 2.9 Kb subclone) may have removed critical
polyadenylation sites necessary for messenger RNA maturation and

translation; and, therefore, may explain the expression in E. coli

and the lack of expression in aro mutants of yeast. It is not sur-
prising that complete ARO1 gene activity is not found in aro mutants

of E. coli transformed with the 2.9 Kb fragment, since the 2.9 Kb
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subclone theoretically contains less genetic information than is re-
quired for expression of a complete ARO1 gene system. However, the
complementing activity of the 2.9 Kb subclone in only one of aro
mutants of E. coli indicates that at least a fragmented protein,
with partial activity, is being formed. The existence of only one
observable complementary activity out of the four aro mutants of E.
coli transformed with the 2.9 Kb ARO1 subclone may be due to the in-
ability of the fragmented protein to form into the crucial tertiary
structures required by the different domains within the primary
structure of the ARQO1 gene product. The compiementation results
shown in the figure also suggest that a functional ARO1 gene is
located within the 3.5 Kb subclone. Based on the estimated 150,000
dalton molecular weight of the protein product (31), the minimum
size of a DNA fragment capable of encoding the ARO1 gene is approx-
imately 3.5 Kb to 4.0 Kb; thus, the size of subcloned 3.5 Kb frag-
ment, taking into consideration error(s) involved in either DNA
fragment size estimations from agarose gels or in protein size
determinations from denaturing polyacrylamide gels, must be very
close to the ARO1 gene itself.

RNA/DNA hybridization studies (see dot-blot analysis, page
47) were performed in an effort to distinguish between "sense" and
"anti-sense" strands for the ARO1 gene on the 3.5 Kb fragment. RNA
purified from log phase cells of S288C was attached to nitrocellulose
and probed with a [32P]—5'-1abe11ed EcoRI fragment (see Figure 3.16,

page 49). The EcoRI fragment was chosen because it occupied the
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approximate middle portion of the subcloned 3.5 Kb ARO1 fragment;
and therefore should be completely within the ARO1 gene coding
sequences. Knowing the chemical polarity of the DNA probe, it was
possible to deduce the direction of transcription. The results,
shown in Figures 3.16 and 3.17, pages 49 and 50, indicate that the

ARO1 gene is transcribed from left to right relative to the fragment

orientation shown in Figure 3.7, page 38. These data are consistent
with the preliminary DNA sequence. From within a sequenced region
proximal to the left BamHI site (see Figure 3.19, page 53), there is
a potential yeast type "TATA" promoter (18); no other completed re-
gions of nucleotide sequence information showed any "TATA" regions
(see Figure 3.20 and Figure 3.21, pages 54 and 55). The sequences
shown in Figures 3.20 and 3.21 come from the middle portion of the
the 3.5 Kb ARO1 subclone; and therefore should be completely within
the ARO1 coding region. Both of the sequences have only one open
reading frame (reading frame #1).

The RNA/DNA hybridization studies and the sequence data in
combination with the yeast and E. coli complementation studies (the
Bgl II 7.7 Kb subclone, which lacks =1 Kb of left-most nucleotide
sequence information (see Figure 3.3, page 32) fails to complement
aro mutants of either yeast or of E. cali) demonstrates the apparent
production of a non-spliced ARO1 transcriptional unit initiated near
the left-most end of the 3.5 Kb fragment. These data were con-
sistent with the cluster-gene model proposed for the ARO1 gene of

Saccharomyces cerevisiae (31), and indicate a possible similarity to
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the Saccharomyces cerevisiae HIS4 cluster-gene organization reported

by Donahue et al. (19). However, further molecular studies, includ-
ing Sl-mapping (46, 4) and complete nucleotide sequence data will be
necessary in order to conclusively establish the single-transcript,

single-polypeptide model proposed for this ARO1 gene system (Larimer

and Gaertner, manuscript in preparation).
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PLASMID Yerl3d

EcoRI Sall
PstI
Xhol
LEU-2
PstI A 2K
10.7 Kb
EcoRI EcoRI
HiND I
705- /\é'
PstI PBR322 BamHI
Sall
Pwil

PBR322 SEQUENCES
2 MICRON CIRCLE SEQUENCES

AMPICILLIN (Ap“) AND TETRACYCLENE (Te")
C—— RESISTANCE REGIONS

G _FU-2 SEQUENCES

Fig. A.1. Partial organization of the YEp13 hybrid shuttle-
vector. The pBR322 sequences in this vector extend from the ECORI
sites which border the 2 micron circle sequences, and include the
plasmid origin of replication (when in E. coli) and the ampicillin
(Ap') and tetracycline (Ter) resistance regions. The 2 micron circle
DNA sequences represent two distinct and unequal fragments containing
Pstl and EcoRI termini, and contain the plasmid origin of replica-
tion required by the yeast replication system. The LEUZ sequences
serve as marker sequences when the vector is utilized in a yeast
host (see references 10 and 27).
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ISOLATION OF THE [72Kb ARO1 FRAGMENT

PLASMID YEP I3 S288 C (YEAST DNA)
+
Bam HI am HI (TO COMPLETION)
CIAP
LIGATION
<
YEAST LIBRARY AMPLIFICATION
IN E. coli

Fig. A.2.

ence 31).

YEAST TRANSFORMATION
(aro D6 NONSENSE MUTANT)

<

COMPLEMENTATION  ASSAY
( COLONY  SELECTION)

<

PLASMID DNA ISOLATION

Bam HI DIGESTION

<
ISOLATION AND RESTRICTION ANALYSIS
OF 172 KDb ARO 1 FRAGMENT

Isolation of the 17.2 Kb ARO1 fragment (see refer-




ONA SEQUENCING PROTOCOL

FILMS:

T+C

DATE: SERIES:
GEL BAND:
RESTRICTION LABEL:
A+G G

Starting
CPMS:
10p132p-DNA 10p132p-DNA
10p1 Hp0 200p1 DMS

0°C 0°C
2pl1 Pip.Formate 1yl DMS
(1 ML Formic Acid +
24 ML Hp0 + 2 drops
Piperidine)

37°C 13" 20°C 2'

Freeze (-80°C 10')

Lyophilize

100p1 Hp0
1041 PIP.
90°C 30°

Freeze -80°C 10'
Lyophilize 0.N.

Freeze Dry
2x Next Day

Fig.

50u1 DMS Stop
800p1 Ethanol
-80°C 10'
SPIN 10°

300p1 0.3M N30AL
800p1 E+OH
! -80°C 10’
10' SPIN
REPEAT
2-80% Washes

Lyophilize

100pL Hp0
1041 PIP
90°C 30°

Freeze -80°C 10'
Lyophilize Q.N.

Freeze Dry
2x Next Day

A.3.

154132p-DNA
Sul Hp0
0°C

30p1 HZ

20°C 8'

200uT HZ Stop
800p1 Ethanol
-80°C 10’
SPIN 10'

30041 0.3M N,OAL

800u1 E+OH
-80°C 10’
10' SPIN
REPEAT
2-80% Washes

Lyophilize

10041 Hy0
1041 PIP
9n°c 30'

Freeze -80°C 10'
Lyophilize O.N.

Freeze Dry
2x Next Day

10p132p-DNA

20 ul (5M) Nacl

0°C

30p1 HZ

20°C 8'

2001 HZ Stop
800u1 Ethano!
-80°C 10'
SPIN 10°

300p1 0.3M Nj0AL

800u1 E+OH
-80°C 10°'
10* SPIN
REPEAT
2-80% Washes

Lyophilize

100p1 Hp0
10u1 PIP
90°C 30°

Freeze -80°C 10°'
Lyophilize 0.N.

Freeze Dry
2 x Next Day

Maxam-Gilbert sequencing protocol.
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